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This progress report is the sixth in the series
and covers the period 1980-1982. The emphasis on basic
research has been continued and strengthened,particularly
in sele'cfced areas of fast reaction dynamics, structural
aspects of inorganic complexes and materials science.
Three research projects namely -

"Advanced research in dynamics of chemical reactions"

Radiation and photochemical research using electron
accelerator and laser"

"Development of special organic and inorganic
materials"

have been taken up. In the course of next two years major
experimental facilities such as FT NMR, nano and pico second
laser kinetic spectrometry, crossed molecular beam apparatus
and nano second pulsed electron accelerator are being made
available to augment the existing facilities in the Division.
Efforts are also being made to reorganise the materials
science programme and to taper off low technology develop-
mental activities.

Unlike the previous reports only brief summaries of
the work carried out are being reported, the details being
available in publications in journals and conference
proceedings. It is hoped that the information presented
in the report will be of much scientific value to the
reader.

R.M. IYER
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We express our sincere thanks to Or R.M. Iyer,

Head, Chemistry Division, for suggesting the format of
this report and for critically examining the edited
manuscripts. Thanks are also due to all the members
of the r-taff for their cooperation in helping us bring
out this concise report. Finally, we would like to
thank Kum Jyoti Bhatt and Shri T.K.N. Murthy for typing
the manuscripts.

EDITORS
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A. B A S I C R E S E A R C H

Al. INORGANIC AND PHYSICAL CHEMISTRY

Metal Complexes

Al.l Reactions of U(OCH,K with p-diketones and
hexamethyldisilazarie* (HMDS)
(M.S. Gill and S.C. Jain)

The reactions of UCOCH-jK with acetylacetone (AAH),

trifluoroacetylacetone (TFAH) and hexafluoroacetylacetone

(HFAH) were carried out. AAH gave a mixture of monojdisubsti-

tuted methoxy compounds along with unreacted U(OCH-),. Reactions

with TPAH gave the compound U(OCH3),.TFA which was isolated

and characterised. The reaction of HPAH in molar ratio 1:2

gave two products. The yellow benzene soluble product was

sublimated at 327-343 K (10~3 torr). From the elemental

analysis and IR data it appears to be [UO2(HFA)2.CH3OH3.

Hexamethyldisilazane was not found to react with

IHOCH,). even on refluxing for several hours.

A1.2 Coordination compounds of thorium (IV), uranium
(IV) uranium (V) and dioxouranium (VI) with
cyanopyridines
(M.S, Gill and S.C. Jain)

The reactions of Th(NO3)4.4H2O, UBr4, UC14,

UO2(NO3)..5H2O and UOgC-O.^H-O with 2- and 4-cyanopyridines

<cypy), were carried out to study their coordination behaviour

and the structural aspects of the reaction products. The

following compounds were synthesized:

(i)2Th(NO3)4.3(2-cypy); (ii) 2Th(NO3)4.3(4-cypy);

(iii) UCl4.4(2-cypy); (iv) UCl4.4(4-cypy;

(v) UBr4.4(2-cypy)} (vi) UCl5.7(2-cypy);

(vii) U02 (N03 )2.2(2-cypy); (viii) U02(N03)?..2 (4-cypy);

(ix) UQ2C2O4(2-cypy); and (x)UO2C2O4(4-cypy).



The IR spectra (4000-200 cm" ) of the compounds suggested

that the pyridine nitrogen was more basic than the cyano

nitrogen. While uranium (IV) and (V) exhibited a coordina-

tion number of eight, UO2(VI) exhibited an equatorial coordi-

nation number of six for nitrate and five for the oxalate

compounds.

A1.3 Bis(p-diketanato) uranium (IV) and dioxo-
uranium (VI) complexes
(H.S. Ahuja and V.S. Sagoria)

In continuation of our earlier work on ^

complexes C(LL) is a fluorinated P-diketone viz., thionyl

trifluoroacetone TTA), trifluoroacetylacetone (TPA),

hexafluoroacetylacetone (HFA) and benaoyl trifluoroacetone

(BTA) and E is a base molecule viz., tetrahydrofuran (THF),

the tetrahydrothiophene (THT), tetrahydropyran CTHP),

dimethoxy ethane (DME)], several new compounds were prepared

and characterized. These include, UOgCTTAK.DME

UO2(BTA)2.DME, UO2(BTA)2,THT, UO2(TPA)2.DME, UO^HFA^.THP,

U02 (TPA) 2. THP, UC2 (TTA) 2.THP and UOg (E»TA) 2. THP . Al though

THP has a higher basicity as compared to THF, the complex

UOp(HFA)2.THP was found to be volatile and sublimed at

about 323 K (10~3 torr) which was comparable to UO2(HFA)2.THF.

The remaining compounds in the THP series decomposed with

loss of base molecule when subjected to vacuum sublimation.

A1.4 Transition metal compounds containing neutral
ligands and orthophosphate ion
(M.S. Sastry and T. Kesavadas)

In continuation of the earlier studies, compounds of

the type M(L)2(H2PO4)2 where M = Co(II) and Ni(II) and

L = 2,2«-bipyridyl and 1,10-phenanthroline, were prepared

by thermal decomposition of the corresponding M(L)_(H_PQ.)j,.H»PO..



Spectral and magnetic data showed them to have pseudo tetrahedral

coordination for the metal ions with neutral ligands. Thermal

decomposition of Ni(py)4(H2PO4)2 and Cufpy^Clg.HgPO- where PY =

pyridine, yielded compounds of composition Ni(H-PO.)O.5 py and

Cu(py)Clyrespectively. Nickel was found to be octahedrally

coordinated to the phosphate ions in the nickel compound while

the copper compound was found to be polymeric.

A1.5 Complexation of chromium (III) with aminopoly
carboxylates: Cr(III)-EDTA system
(G.M. Phatak)

The reaction of Cr (III) with EDTA was studied.

Paper electrophoresis and ion exchange revealed the presence

of a green ion-pair, free hexaaquochromium and a violet complex

species. These intermediate species were isolated by ion

exchange method and their relative concentrations estimated,

employing Cr tracer. The green ion-pair itself was found to

be a mixture of cationic, neutral and anionic species viz.,

[Cr(H2O)6.
3+ H_Y2"] CCr(H2O)5(OH)

2+. HgY2"] and

[Cr(H2O)5(OH)
2*.HY3~] respectively , the cationic species being

the major constituent () 80*/.). The kinetics of formation

of the fully complexed species is being investigated.

A1.6 Palladium (II) and platinum (II) complexes of
substituted anilines
(R. Visalakshi, R.P. Patel and T.N. Ranganathan)

Reactions of substituted anilines with palladium and

platinum dichlorides yielded complexes of general formula

MCl-L,, where M is the metal ion and L = 2,4,6-trimethyl aniline,

parafluoroaniline and pentafluoroaniline. Infrared spectra of

these complexes, except that of the pentafluoroaniline, indicated

a cis-configuration. Crystals' of the pentafluoroaniline



complex were found to be orthorhombic and the cell parameters

were determined .

• in collaboration with V.M. Padmanabhan (Neutron Phys. Div.)

A1.7 Crystal structure of bis(4-hydroxy-L-prolinato)
palladium (II) trihydrate*
(R.P. Patel T.N. ftahganathan and G.S. Rao)

The crystal and molecular structure of the title

compound was determined from spectroscopic and single crystal

X-ray studies. The former indicated a square planar

coordination for Pd(II), with the iminonitrogens and the

carboxylic oxygens coordinating in the cis-configuration.

X-ray studies confirmed the structure and revealed that the

water molecules were involved only in hydrogen bonding and this

appeared to be the predominant packing force in the crystal.

In this connection,a computer program MOLCUL was i developed

for interactive use on Prime-450. This program computes bond

lengths, plots atoms with circles of specified radii and joins

them up to a fixed limit. It was successfully tested with

the data on the title monoclinic system.

in collaboration with V.M. Padmanabhan and S. Sinh

of Neutron Phys. Div.)

Al.8 Synthesis and reactions of phosphazenes
(R. Visalakshi, R.P. Patel, T.N. Ranganathan and
G.S. Rao)

From the reaction of hexamethyl cyclotriphosphazene

with dimethyl tin dichloride a phosphazenium derivative having

molecular formula N3P3(CH3)g.SnCl2,2HCl wa& isolated. Its

molar conductance in acetbnitrile showed it to be a 1:1

electrolyte. The results suggested a diprotonation of the



trimeric phosphazene ring which has not been reported so far.

The Mossbauer* iaomer shift and quadrupole splitting of the

compound indicated trans axial configuration for the methyl

groups in the anion, in good agreement with its infrared and

powder Raman spectra. The absence of the V (Sn-C) and
i
"V (Sn-C) in the spectra implied a D.. symmetry for the aniori

35 2 *kii

The reaction of hexachlorocyclotriphosphazene with

2,4,6-trimethylaniline (TMA) yielded only the mono- and disubsti-

tuted derivatives. The disubstituted derivative was charac-

terised by its p n.m.r. and infrared spectra as the geminal

isomer. The crystal system was found to. be monoclinic (space

group: P2./c) and the cell parameters were also determined**.

Hexaimidazolyl triphosphazene and dodecaimidazolyl

pentaphosphazene were prepared from the corresponding chlorides

by reaction with imidazole in THF under dry nitrogen. The

compounds were found to be highly sensitive to moisture.

Complexes of the hexaimidazolyl compound with PdClp and Mo(CO),

and of UC1- with N/-P/.(CH,),_ were prepared and their characteri-
4 b D J X.C.

zation is in progress.

* Mossbauer spectra - courtesy S.K. Kulshreshtha

•• in collaboration with K.V* Muralidharan (RECS)

A1.9 Complexes of In(III), Sn(IV) and Bi(III)
(R. Krishna Iyer and S.G. Dashpande)

Protonated complexes of diethylenetriamine penta-

acetic acid (H_X) with indium and tin having compositions

H2InX.2.5 H_0 and HSnX.2H-0 respectively were isolated.

Infrared spectral data indicated that the M-0 bonds in the former

were only partially covalent while those in the latter, highly

covalent.



Studies on ligandcomplexes of bismuth with nitrilo-

triacetic acid as primary ligand and tiron as secondary ligand

are in progress.

Catalysis

A1.1O Studies on isotopic exchange between hydrogen and
water vapour over Pt/MS-13X catalyst
(B.S. Valaulikar, V.K. Kelkar and R.M. Iyer)

The Pt/MS-13X catalyst was prepared and characterized.

It was used in both static and dynamic conditions over the

temperature range from 25°C to 140°C. It was observed that

the deuterium concentration in the hydrogen gas first decreased,

reached a minimum and then again increased. This behaviour

was found to be independent of temperature over the range

investigated. This increase, after reaching the minimum value,

was attributed to the slow desorption of enriched water from

the molecular sieve. Typically, the maximum depletion in the

deuterium concentration of hydrogen gas was -28 ppm (from 74 ppm

to 46 ppm) for a particular set of experimental conditions.

These studies indicated that even at 14O°C, the rate of desorp-

tion of enriched water from the catalyst was slow.

Al.ll Studies on isotopic exchange between hydrogen and
water vapour over Pd/Nafion and Pt/Nafion catalysts
(B.S. Valaulikar, V;K. Kelkar and R.M. Iyer)

The title catalysts were tested for the deuterium

exchange. At room temperature the exchange was slow and

the maximum depletion in the deuterium concentration of hydrogen

gas was ~3 ppm (from 74 ppm to 71 ppm). At 75°C, the maximum

depletion was ~9 pptn but it decreased after reaching the maximum

value of 9 ppm. At higher temperatures i.e. *100°C, 140°C,



the exchange was fast but the depletion continued to decrease

after attaining the maximum value.

A1.12 Characterization of catalyst used for HD exchange
reaction
(V.S. Kamble, A.D. Belapurkar, B.S. Valaullkar,
U.B. Pavanaja, V.K. Kelkar, N.M. Gupta and R.M. Iyer)

Investigations were carried out to evaluate the

characteristics and activity of hydrophobic catalysts used for

HD exchange reaction. The BET surface area of the catalyst

pellets was measured after standardising the method with reference

samples. An apparatus for measuring the catalyst activity

using the co-current method, was set up and activity of the

catalyst from different batches was measured before and after

hydrogen regeneration. Effect of parameters such as oxygen

concentration, rate of water flow etc., is being studied.

A1.13 Studies on ethylene hydrogenation over supported
metal catalygts
(V.S. Kamble,' N.M. Gupta and R.M. Iyer)

Studies on hydrogenation of ethylene on supported

ruthenium catalysts were carried out. Ruthenium support-ad on

molecular sieves, alumina and glass beads, were used and the

products formed in the reaction of C.H. under different

gaseous atmospheres were analysed. The reaction was studied

in a flow microcatalybic reactor employing a method of

sequential pulse injection. The successive injection of

C_H- and H, pulses with varying time interval under helium

atmosphere and the analysis of reaction products at different

stages provided information about the nature and time dependent

reactivity of the intermediate species formed over the catalyst

surface.
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Unsaturated di- and monocarbon species were found

to be formed over the catalyst surface; their yields depending

on temperature. These were found to undergo dynamic trans-

formation with time and also convert to an inactive form, the

rate increasing with temperature. The metal-support inter-

action was found to play an important role in the yield of

reaction products.

A1.14 Electron spectroscopy and SEM studies* on
metal-support interactions
(N.M. Gupta, V.S. Kamble, A.D. Belapurkar and
R.M. Iyer)

X-ray photoeiectron spectroscopy studies were done

on the supported Ru-catalysts. The shift in core level

binding energy indicated increasing electronic interaction

be*--'<=>an the support matrix and the metal in the order - Ru/tnol.

sieve?) Ru/alumina ) Ru/glass beads.

XPS investigations were also carried out to evaluate

the nature of the reaction betweem silver exchanged molecular

sieve and CH-I, at temperatures of 296 to 475 K. It was

found that on exposure to methyl iodide, the binding energies

of aluminium and silicon remained almost unchanged while

those of silver and sodium shifted to lower values indicating

thereby, the relative affinity of silver and sodium for the

hallde.

Thin sections of catalyst pellets used for Hb

exchange reaction were studied. Poisoned pellets revealed

the presence of silicon on the surface. Argon-ion sputtering

was found to remove the silicon layer from the catalyst surface.

SEM examination of the pellets also showed that their surface

was almost free of pores while interlinked pores oriented in

a particular direction, were present in the bulk.

The help received from S/Shri S.K. Sharma, L. Kumar and
C. Eswar Prasad (Metallurgy Div.) is acknowledged.
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Isotope Effect* Ion-exchange And Sorption Studies

A1.15 Theoretical computation of kinetic isotope effects:
12c/13c isotope effects in a model enzymic reaction
involving decomposition of formate ion
(S.K, Sarpal)

Computer programs, used for computation of kinetic

isotope effect (KIB) were obtained from the University of

Illinois, Urbana, USA. Some of these programs were modified

and debugged for using interactively on Prime-450. Teat runs

were made to compute C/13C KIE for enzymic oxidation of

formate ion substrate into CO, by a 3-particle model enzyme,

assuming a mechanism involving direct transfer of H-atom of

the formate to the active site of the model enzyme. Computa-

tions were done for a flat barrier case assuming a three

element reaction coordinate (R.C.). Complete mapping of KIB

over the entire triangular surface, for varying fractional

participation of the component coordinates of the R.C. was done

by computing the KIE at selected points in the triangle using

appropriate force field for the transition state complex at

these points. The results computed are in full agreement

with those obtained earlier using these programs on IBM-4341.

A1.16 Theoretical calculation of water sorption
isotherms of ion exchange resins
(A.R. Gupta)

An attempt was made to apply D'Arcy-Watt equation

to synthetic organic ion exchange resin isotherms. A

computer program based on non-linear least square method was

used for fitting this equation to water sorption isotherms for

lithium forms of Dowex 50W resins of 1, 2, 4, 8 and 12 V . DVB

content. It Was possible to fit this equation to the whole

of water sorption isotherm. The values of the five parameters

converged to within a narrow range, which was consistent with
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the accuracy of the experimental data. Further analysis

of these parameters in terms of the characteristics of the

resins is in progress.

A1.17 Hydrogen isotope effects in the .ehydration of
Na+ forms of Dowex 50W resins of various cross-
linklngs and some other cationic forms of Dowex 5OWX8
(Deoki Nandan and A.R. Gupta)

Hydrogen isotope effect studies in the dehydration

of Na.-+ form of 4-12*/. DVB Dowex 50W resins equilibrated

with different water activities (a ) and K+, Rb+, Cs+, Mg2+

3+ w

and Al forms of Dowex 50 WX8 resin (a = 1 ) were carried

out. The data for Na forms showed that they behave

similarly to Li forms except for the difference that, the

observed isotope effects were much smaller. a value increased
with increasing n , exhibited a maximum and then very

w
gradually decreased. Experiments were performed with fully

swollen K+, Rb+, Cs+, Mg2+ and Al3+ forms of Dowex 5OWX8

resin and a values determined. The sequence for a

was found to be Li+ > Na ̂  K+ > Rb+ > Cs+ as expected due to

lowering in the hydration of ions from Li to Cs .

A detailed study of Mg + and Al + forms is in progress.

A1.18 Hydrogen isotope effects in the dehydration of Li
forms of Dowex 50W resins
(A.R. Gupta, Deoki Nandan and S.K. Sarpal)

Hydrogen isotope effects in the dehydration of the

lithium form of 2-12*/. crosslinked Dowex 50W resins containing

varying amounts of water were determined by a Rayleigh

distillation type technique. The single stage separation

factors, a were found to be dependent only on n and were

independent of crosslinking. At nw - 4, a was lower than
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ccw, the separation factor for- pure water distillation at the

same temperature. In the region of n ~ 10-12, a was greater

than aw and reached a maximum value. Beyond n ~ 12, a de-

creased gradually with nw but remained greater than a .W>en only

the primary hydratlon shell of Li* was complete (n - 4 ) ,

the separation factors were low because* of the absence of any

hydrogen bonding between the water molecules. Values of a

greater than ot at n •«. 12 were consistent with'.-(i) bhe forma-

tion of a second hydration shell whose water molecules were

hydrogen bonded to those in primary hydratibn shell, (ii) these

hydrogen bonds were stronger than in bulk water, and (ill) the

water molecules in the third hydration layer were not much

affected by Li+ and formed hydrogen bonds similar to those in

bulk water. The a values were resolved into separate contri-

butions from water molecules in the first and second hydration

shells and the remaining water, a for the last category was

close but larger than a . The data indicated that the counter

ions in resin phase water behaved like single ion solutions.

The resin network seemed to influence the outermost layers of water

molecules via hydrophobic interactions.

2+
A1.19 Water vapour sorption isotherms of Kg form of

Dowex SOW resins of various crosslinklngs
(Deoki Nandan and A.R. Gupta)

2+
Water sorption isotherms for Mg form of Dowex 50W

resins of 1*/., 2'/., 4*/., 8*/. and 12V. ctoBSlinkings were

measured using the isopiestic technique. The isotherms constructed

appeared to be similar lm shape with those obtained using Li*

forms with the difference that at low activity of water, Mg2+

forms absorbed greater amounts of water and at very high

activity, they absorbed lower amount. Treating 1*/. DVB

resin as a reference noncrosslinked exchanger, swelling

pressures (n) were calculated. it values were found to be
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lower for Mg ' forms as compared $o Li form of these cross-

linkings.Free energies of swelling were computed for the Mg2+

resins from their isotherms and were found to be higher as

compared to the corresponding lithium forms. Equivalental

volumes of the dry (Vr) and fully swollen <7e) resins were also

determined.

A1.20 Study of micellar association with lauryl
pyridinlum chloride
(Smt. R.A. Singh, D. Prasad and K.V.S. Rama Rao)

Experiments were conducted with solutions containing

LPC, U(VI) and U(IV). Precipitation was observed above certain

concentration ranges. ZR spectra of the precipitate obtained

from UO2C12 and UC14 with LPC at different pH»s suggested

formation of U-micellar composites.

A1.21 Separation of U(VI) and U(XV) in the presence of
lauryl pyridinium chloride
(Smt R.A. Singh, D. Prasad and K.V.S. Rama Rao)

The presence of LPC was found to interfere with the

conventional methods of separating U(VI) from U(IV) based on

VF. precipitation. Co-precipitation of both U(VI) and U(IV)

was' observed.

A suitable method was therefore developed for hhe

separation of U(VI) from U(IV) in the presence of LPC using a

cation exchange resin, Dowex 50WX8 which initially retained

both the components. U(VI) was subsequently eluted with

IN HC1 while U(IV) remained on the column. It was later

eluted with' 7N
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A1.22 Study of isotopic exchange between U(VI) and U(IV)
( Smt R.A. Singh, D. Prasad and K.V.S. Rama Rao)

Isotopic exchange between U(VI) and U(IV) was studied

under varying condition? of concentration of UC1., UOpCl-,

HC1 and LPC. A three-fold enhancement in the rate of exchange

was observed at LPC concentration above CMC.

A1.23 Adsorption of CH,I over hydrated Ag/molecular sieve
(A.D. Belapurkarf K. Annaji Rao, N.M. Gupta and
R.M., Iyer)

Products formed on adsorption of methyl iodide over

silver exchanged molecular sieves, under different conditions

of h/dration and at different temperatures were identified and

estimated . CH,OH and CH^-O-CH, were found to be the main

products. Studies were also carried out to assess the possibi-

lity of using sodium and ammonium polysulfides, supported over

alumina and silica gel, for adsorption of CH,I. The experi-

mental samples, however, did not show any adsorption.

A1.24 Sorption of alkaline earth cations on hydrous
thorium oxide
(H.S. Mahal and B. Venkataramani)

Sorption of alkaline earth cations on hydrous thorium

oxide (ThO,) was studied as a function of pH (3-11), tempera-

ture (25—70 C) and metel ion concentration. pH titrations of

hydrous ThO« indicated that the oxide was polyfunctional,

exhibiting at least two inflections each in the acid and alkaline

pH ranges. An abrupt increase in sorption of alkaline earth

cations over a narrow pH range (6-7) characteristic of such

alkaline earth cation, was observed. It was concluded.that

the sorption involved unhydrolysed ions for magnesium and

calcic1 and singly positively charged ions for strontium and

barium. Thermogravimetric data showed that ~2 water
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molecules were additionally present in the cation sorbed

hydrous ThO,.

Sorption of alkaline earth cations was studied agi a
3 2

function of metal ion concentration (10 - 10 M) at pH 7 to 9,

Sorption isotherms could be described by Freundlich isotherm.

The sorption followed the sequence: Ba > Ca2+ > Mg2+ > Sr2+

Kinetics And Electrochemical Studies

A1.25 Dynamics of a B-Z chemical oscillator: Theory of
radiolytic effect
(Diwakar Prasad, V.K. Kelt:ar and K.V.S. Rama Rao)

The kinetic differential equations, obtained aftetr

introducing the radiolysis parameter, r, to the oregonator,

were solved numerically to get the trajectories. Radiolytic

coupling, via Br, increased the oscillation periods and

modified the phase-plane trajectories. The system ceased to

be oscillatory beyond a certain value for Br""coupling, as

observed experimentally.

In the absence of radiolytic coupling, the null

cline for d(HBrO2>/dt = 0 intersected the d(Ce
4+)/dt = 0

null cline only at one point and the corresponding steady

state was unstable. The Br"coupling caused three point inter-

section showing that it made the system triple stationary.

The radiolytic coupling via HBrO- had the opposite effect

of moving the system into oscillatory phase. When both

HBrO, and Br"couplings were considered together, significant

changes were obtained in the values of CCe(IV)] , and

the coordinates of the turning point. The

(rR -).nwhich made the system dormant, were computed for

different values of the regeneration coefficient, the one

for f = 0.6 was closest to the experimental value.
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A1..26 Study on the interaction of oscillatory chemical
systems
(Diwakar Prasad and K.V.S. Rama Rao)

A simple reactor, permitting the study of two

oscillators in isolation or with a varying degree of inter-

action, was fabricated. Following studies were carried out:

(1) Two B-Z oscillators, differing in phase and
frequency, when allowed to interact tended to oscillate, with
the same phase and frequency. Drifts when occurred, were
corrected automatically and the two oscillators remained synchro-
nised in phase and frequency. An oscillator made dormant by
continuous Br~addition interacted with an active oscillator,
making it dormant. A more potent (rich in BrO,~) active
oscillator activated the Br~driven dormant oscillator.

(2) The Interaction of a cerium ion catalysed B-Z
oscillator with uncatalysed pyrogallol - KBrOg-HgSO- oscillator
showed that the number of oscillations and life time of the latter
increased considerably on coupling.

AU27 External perturbation study on a B-Z chemical
oscillators Continuous addition of Ce(IV) ion
(Diwakar Prasad and K.V.S. Rama Rao)

Experiments were carried out to determine how a B-Z
oscillator responds to the continuous external addition of
eerie ion. Modifications in the shape of the temporal
oscillatory pattern and also in the frequency were observed.
At higher rates of Ce addition, the oscillator became
dormant and recovered on discontinuing the addition. This
phenomenon was similar to that observed during Br"addition or
during Y-radiolysis.
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A1.28 Adsorption and desorption of metal ions on micellar
surfaces: A polarographic study
(K.K. Bhanot and P.N. Moorthy)

The adsorption/desorption of metal ions such as Cd2+

Zn2+ and Tl2+ on anionic (NaLS), neutral (Triton X-100) and

cccionic (CPC, CTAB, CTAC) micelles was studied by polarography.

The process of adsorption/desorption on the micelles was found

to rbe dependent upon the halide ion coocentration. This was

interpreted as due to the formation of metal halide complexes.

Ion exchange with the counter ion ; (Na ) was also found to have

a significant role in the desorption process.

A1.29 Adsorption pre-wave in the polarographic reduction
of thiamine
(K.K. Bhanot and P.N. Moorthy)

Differential and normal pulse polarographic techniques

were used to study whether the pre-wave observed at low con-

centrations of thiamine was a true adsorption pre-wave or a

pseudo one, due to inhibition. The pre-wave disappeared at

higher temperatures as well as in the presence of surface

active agents suggesting it to be a true adsorption pre-wave.
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A2. RADIATION AND PHOTOCHEMISTRY

Theoretical Studies

A2.1 Theoretical studies on the spur diffusion model
(C. Gopinathan and G. Girlja)

Spur diffusion model calculations reported by us

earlier,* were improved upon by taking into account the entire

range of spur sizes, from a single dissociation spur to a -

thirty dissociation spur. The computer calculations for each

spur was appropriately weighted according to the probability

for each spur and the over all average calculated. The final

results were found to be in excellent agreement with both

pico-second and steady state experimental results.

B.A.R.C. - 11O5 fl981)

A2.2 Theoretical studies on tracks of high ionisation
density
(C. Gopinathan and G. Girija)

Computer calculations were carried out on the reac-

tions in tracks having dense ionisation Where the spurs overlap

to produce cylindrical ionisation columns. The behaviour of

e~ , OH and H atoms in pico second time scales as well as molecular
aq

product yields from such tracks were computed.

A2.3 Theoretical studies on the superfast chemical
processes occuring in sub-plco second time scales
(C. Gopinathan)

A new theoretical model was developed for explaining

the super fast reactions of the prehydration electron. In

this model, the reactivities of the various solutes towards the

quasifree electron were explained in terms of the strengths
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of their hydration shells. The actual rate constants for

these sub-pico second processes were calculated and their

relationship with the polarising power of the ion in water,

clearly established.

Organic Compounds And Micellar Systems

A2.4 Radiblytic oxidation of cysteine in aerated and
oxygen saturated solution

Effect of cysteine, HC1O. and formate ion concen-
trations *
(Manohar Lai)

G(RSSR)»22.4 and G(H2O2)-13.2 in aerated 5xlO~
2M

cysteine in IN HC1O. solutions were very high and demonstrated

that HO, radicals react with cysteine in acid solutions, it

was observed that 6-values were higher at IN as compared to

0.1N HC1O4 solutions suggesting higher ^HOgRSH in higher acid

concentrations. G-values were found to be higher at pH 0.5

and 6.0 as compared to at pH 3.0. The low values were explained

as due to much higher rate constant ratios kHO+HO /"CHO,+RSH at

pH 3-4 as compared to at pH 0.5 and 6.0. In the presence of

high formate ion concentration, even though the total HO,

radicals were increased in the system, G(RSSR) and GCH-O-) were

lower than those in its absence. The 1' caring in G-values could

be due to lowering in RS radical yields. This and some more

results demonstrated that RS radical was more important than

HO- radical in propagating the chain reaction in this system.

A2.5 Hydrogen, hydrogen sulphide and ethanol yields in
the gamma radiolysis of air free aqueous solutions
of mercaptoethanoli Effect of HCIO. and mercapto-
ethanol concentrations
(Manohar Lai)

G-values for H,, H.S and ethanol were estimated in

the gamma-radiolysis of deaerated and Ng saturated mercapto-
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ethanol (ME or RSH) in acidic and neutral aqueous solutions.

The formation of H-S and ethanol was explained.

Although the reactions were similar to those

reported in cysteine and glutathione radiolysis studies, there

were certain differences-(i) At pH 6.0, G(Ethanol) was not

equal to G - and remained constant even at high £ME] (ii)
" M

At pH 0.5-1.0, G(H-)+G(Ethanol) was not equal to G' + G - +
c. Hj saq

GH upto 1M CMED. The low Ethanol and HgS yields we?e explained

as due to eaq" forming a RSH-eaq" adduct which may transfer

the electron to a scavenger, resulting in loss of eaq" and

thus H,S and ethanol. At very high £ME} however, G(H2) was

surprizingly high and was suppressed by the addition of

acetone. Since G(Ethanol) was constant and - G___-» there

must have been an additional precursor of H2 at high tME]

for which acetone could compete. This additional precursor

could be (a) subexcitation electrons or (b) excited water

molecules.

A2.6 Gamma-Ray induced damage in aerated solutions of
dithiothreitol (DTT of R(SH)2>: Effect of pH,
formate and DTT concentrations
(Hanohar Lai)

The radiolysis of dithiothreitol (DTT) at high

concentration (0.1M) at various pH's was carried out. High

G(H2O2) and G(disulphide R\f ) suggested a long chain reaction.

G-values at all DTT concentrations were higher at

pH 2.2 than at lower (0.5) and higher (5.5-7)pH.

Product yields in 10"3M DTT-0.1M HCOONa aerated

solutions at pH 1-3 were similar to those in the absence of

formate, even though HO, yields had increased ~5 times and

R\f H yields decreased ~4 times. This was attributed to the

reactions of COOH radicals with DTT to produce DTT radicals

which were responsible in propagating the chain reaction.
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A2.7 . Reaction of HpO, with vitamin radicals produced
by their reaction with e" or H atom
(K.K. Bhanot, P.N. Moortft? and K.N. Rao)

The radiolytic decomposition of B-group vitamins in

neutral solutions was studied under conditions such that

these compounds undergo an initial one electron reduction.

The radical intermediates produced reacted very efficiently

with H_02 in the case of thiamine and nicotinamide, less so

in the case of folic acid and not at all in the case of

pyrldoxin. The stable reduction products formed did not react

with H ?0 ? except in the case of riboflavin. In this case,

both the radical intermediate and the stable leucoriboflavin

were found to react with HpOp. The post irradiation reaction

of leucoriboflavin with 0~ was found to give H-O_ as a product.

A2.8 Estimation of OH radical and H atom reaction rate
constants with solutes using riboflavin (RF) as a
standard solute by the competition kinetic method
(K.K. Bhanot, P.N. Moorthy and K.N. Rao)

A steady state radiolytic competition kinetic

method was developed for the determination of OH radical and

H e.tom rate constants of solutes, employing riboflavin (RF)

as a new standard solute. For the determination of OH radical

rate constants, air or oxygen saturated solutions were employed

and kQH+RF w a s f* r s t determined using ethanol as standard.

The value so obtained was found to be constant over the pH

range 1-11. Using this value, k0H+s values for other solutes

were then determined under similar experimental conditions

employing RF as the standard. For the determination of H

atom rate constants, argon saturated acidic solutions

(pH ~ 1*7) containing t-butanol as on OH radical scavenger

were employed. kH R p was first determined using glucose as

standard. This value was then utilised for determination of
ku c f o r otner solutes using RF as the standard.
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A2.9 LET effects in the radiolysis of aqueous solutions
(P.N. Moorthy and K.K. Bhanot)

Preliminary experiments at VEC in the oxygenated

ferrous ammonium sulfate and riboflavin systems in which the

radiolytic mechanisms are already known, showed the expected

trend, viz. at a fixed beam current density, the radical

product yield decreased with increasing LET and at a fixed

LET, increasing the beam current density led to a decrease of

radical product yield. There was also an indication that the

LET effect was more at higher beam current densities. Further

experiments are planned.

A2.10 Flashphotolysis study of ferrous-thionine system
in micellar and homogeneous aqueous media part I:
Spectral studies of semithionine
(S.N. Guha, P.N. Moorthy and K.N. Rao)

Absorption spectroscopic studies were carried out on

the transient semithionine cation radical formed by photo-

reduction of fchionine by ferrous ions in both aqueous acidic

and anionic sodium lauryl sulfate (SLS) micellar media using

flash photolysis technique. In pure aqueous solutions, the

transient semithionine showed a broad unstructured spectrum

with \ max around 760 nm. However, at a high Fe++ ion

concentration, this changed to a fine structured spectrum with

three prominent peaks attributable to complex formation

between semithionine and Fe++ ion. The transient spectra

observed similarly in SLS micellar media showed no evidence

of the presence of fine structure. It was further observed

that in micellar media there was an increase in the extinction

coefficient accompanied by a marked red shift of \ max.

Using the absorbance data the radical micelle binding constant

was evaluated. Absorption spectra of the transient were also

recorded in neutral (Triton X-100, Brij - 35) and cationic

surfactant (CTABr and CPC) micelles also. The intensity of

absorbance and the red shift of X max varied in'the order

SLS >Triton X-100 ) Brij 35 >CPC >CTABr.
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A2.ll • Flash photolysis study of ferrous - thionine system
in micellar and homogeneous aqueous media. Part II:
Decay kinetics of semithionine
(S.N. Guha, P.N. Moorthy and K.N. Rap)

The decay kinetics of the semithionine radical, formed

by photoreduction of thionine by ferrous ions, were found to be

profoundly affected in a sodium dodecyl sulphate micellar

medium. The second order decay was found to change to first

order in the presence of micelle. This first order rate

constant increased with increasing Fe * concentration. The

corresponding bimolecular rate constant for the reaction of

semithionine with Fe + ions was computed. In the presence of

high concentration of electrolyte such as Nacl the decay reverted

to second order.

A2.12 Solubilisation and photoreactions of thionine in
reverse micelles
(M.P. Singh* and P.N. Moorthy)

The Triton X-lOO/n-Hexanol/Cyclohexane reverse-

micellar system was found to be able to solubilise as much as

10 vol"/. water without any phase-separation. Thionine in dry

reverse micelles and in the ones with low water contents

exhibited a new broad absorption band at X max ~ 500 nm. This

band disappeared in the presence of higher amounts of water,

and the monomer band at ~ 600 nm was found red-shifted by 10 nm.

The new band at 500 nm was attributed to the binding of the

dye-molecule to the polar head groups of the surfactant molecules

through coulombic interactions and/or H-bonding. The appearance

of the red shifted monomer band at higher water contents is

attributable to the solubilisation of dye-molecules in a

water like but less polar environment. The absorption maximum

of the semithionine radical formed by photoreduction of

thionine by Fe(II> ions in the reverse-micellar media, was

also found to be red-shifted as compared to the homogeneous

aqueous medium, and transient decay was found to be first order
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whereas, it was second order in the aqueous medium.

A2.13 Studies on thionine in micellar solutions:Micellar
effects on acid-base equilibrium
(M.P. Singh* and P.N. Moorthy)

The pK -values for the monoprotonateci thionine were
Si

spectrophotometrically estimated, in micelles of sodium

lauryl sulfate (SLS, anionic), cetyl trimethyl ammonium

bromide (CTABr, Cationic), cetyl pyridinium chloride (CPC,

Cationic), Triton X-100 (nonionic) and Brij-35 (nonionic).

In the case of cationic and nonionic micelles the pK values

were lowered while in anionic micelles, they increased.

The lower pK values in nonionic micelles were due to

the change in the polarity of the medium which affected the

chemical potentials for the ionic and neutral forms of the

dye in different ways, while in the case of ionic micelles,

there was, in addition to polarity changes, the surface potential

at the micelle-water interface which governed the direction of

pK shifts.
cl

Prom a comparision of the absorption behaviour of

thionine in micellar solutions with those in standard Dioxan-HgO

solvent mixtures, the order of increasing polarities of the

micellar solution was found to be :

SLS-Triton X-100 < CPC < Brij-35 < CTABr.

NRL Srinagar, working in Chemistry Division

A2.14 Photolysis and radiolysis of menadione in aqueous
sodium cholate and sodium deoxycholate solutions
(A.V. Sapre, K.N. Rao and K.V.S. Rama Rao)

On photolysis of menadione in sodium cholate (SC) at

350 nm, a new positive CP peak appeared at 290 nm. The

effect was significant above the CMC of SC (>2 x 10" mol/dm ).
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Photolysed solutions of menadione in water, methanol,

sodium dodecyl sulphate and hexadecyl trimethyl ammonium

bromide did not give any CD signal. Photolysis in sodium

deoxycholate did not give any additional CD peaks. It was

concluded that the OH-group at the seventh position in SC

played a crucial role in binding menadione favourably

which led to asymmetric synthesis. From solubility studies

the binding constant of menadione was evaluated. On

Y-radiolysis the intensity of CD peak of SC at 215 nm

decreased, with G~ 20. Two new CD bands, one positive at

280 nm and the other negative at 310 nm, appeared on

radiolysis. In the presence of menadione, positive CD peak

appeared at 290 nm. These results indicated that new

optically active products were produced on radiolysis.

Dose, dose rate and scavanger studies were carried out.

Attempts are being made to separate the photolysis and

radiolysis products.

A2.15 Multiphoton Induced Retro-Diels-Alder Reaction
of Decafluorocyclohexene
(P.K. Chowdhury, J.P. Mittal and K.V.S. Rama Rao)

A novel Retro-Diels-Alder decomposition of

decafluorocyclohexene (DFCH) into tetrafluoroethylehe (TFE)

and hexafluorobutadiene (HFB) followed by isomerisation of

HFB to more thermodynamically stable hexafluoro cyclobutene

(HFCB), was found to occur when DFCH was subjected to intense,

pulsed infrared laser radiation. The product distribution

was studied as a function of C02 laser flux, DFCH pressure

and added inert gas pressure. Collisions were found to

have a detrimental effect on the overall rate of decomposition.

Further, they tended to stablise HFB and quench the

isomerization to HFCB. The threshold fluence for collision-
2 • •

less decomposition of DFCH was found to be 0.92 J/cm for

irradiation with R(10) line of the 10*6fi C02 laser. It was
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for the dissociation process. The various steps involved in

the reaction and the corresponding rate constants were also

determined.

A2.16 Sensitized decomposition of deca?luoro cyclohexene
by multiphoton excitation of SF,
(P.K. Chowdhury, J.P. Mittal, and K.V.S. Rama Rao)

Parallel beam irradiation of a mixture of SFe and
1

DPCH was carried out at a COg later frequency of 944 cm ,

absorbed by ^ mode of SF-. DFCH was transparent to this

irradiation frequency.

2
A fluence of 1.5 J/cm which is inadequate for the

dissociation of SF,. was used. Sensitised decomposition of
p

DFCH was observed under the above conditions of irradiation in

presence of SF,. In its absence, no decomposition of DFCH

was noticed.

The mechanism of sensitization could be explained as

V-V energy transfer from SF, to DFCH during the laser pulse.

Increasing the SF, pressure was found to increase the rate

of dissociation. However, an increase in the DFCH or the

argon buffer gas pressure, had a detrimental effect on the

dissociation rate.

i

A2.17 Photoisomerization of trans-4,4 -diphenyl stilbene
(JiT. Kunjappu and K.N. Rao)

The photophysical and photochemical processes undergone

by the title dye were studied at 350 nm and 300 nm. Fluorescence

emission and isomerization were identified as the major

j.rocesses occurring on absorption of light.

The kinetic behaviour of the system was followed in

benzene solution. At 300 nm where both the isomers absorb, a

photostationary equilibrium comprising 88V. cis and 12'/. trans,
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was attained. The effect of concentration, temperature,

solvent polarity and intensity on the photodecomposition rate

was studied and the activation energy, rate constant and

quantum yield were calculated. Oxygen was found to enhance

the isomerization rate and quench the fluorescence of trans

stilbene.

Polymers

A2.18 Study of polyethylene and polyester films irradiated
by a-particles
(M.H. Rao and P.N. Moorthy)

Low density polyethylene and polyester films

irradiated with 30 MeV a-particles at low beam-currents

(10 nA), developed bright yellow colour as compared to those

irradiated with Y-rays to equivalent total dose. IR

absorption spectroscopy revealed the presence of new bands

which in the case of the polyester film were identified as due

to -CO_H group indicating degradation of the polymer at the

-CO-group. Further experiments are planned.

A2.19 Copoiymerization of ethyl and butyl acrylates with
chlorine substituted ethylenes
(M.S. Panajkar and R. Roger)

Copoiymerization of ethyl and butyl acrylates were

carried out with vinyledene chloride (VClg), trichloro ethylene

and tetrachloro ethylenes at different comonomer concentrations

varying from 10*/ to 100/. (Wt/Wt) at 0°C with gamma radiation

at dose rates 0.04 M rads/hr and 0*28 M rad/hr. The

conversions were restricted to ~15'/. in all cases. The rates

of copolymerizations as a function of comoncner concentration

were found to pass through a maxima and minima in the case of

butyl act/late-VCl- and ethyl acrylate-VClg. The results are

being analysed. .
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A2.2O Radiation initiated polymerisation of cyclohexyl
aerylate
(R. Roger*, M.H. Rao and K.N. Rao)

The rate of polymerisation of cyclohexyl acrylate

was found to be an order of magnitude higher than that for

methyl acrylate for the same dose rate and temperature. Steric

effect played a minor role and. the polymer swelled in its

own monomer and even at -4/ conversion the material looked

like a gel. The autoacceleration due to Tromsdorff effect

was not observed. However, the molecular weights of the

polymer increased with increasing conversion indicating that

there was a predominant chain transfer to the polymer leading

to branched structures and at -28% conversion, the polymer

formed a three dimensional net work.

The observed rate constant for propagation was

comparable to an ionic polymerisation. The molecular weights

were also found to be very high when compared to free radical

initiated polymerisation. Gel Permeation chromatography

(G.P.C.) data clearly indicated a bimodal distribution of

molecular weights due to both ionic as well as free radical

mechanisms. The rates of polymerisation were found to be lower

in presence of cyclohexanol and hydroquinone. The presence

of an ionic scavenger suppressed the formation of high molecular

weight fraction and the free radical scavenger suppressed the

formation of low molecular weight fraction.

Research Scholar, Madagascar

A2.21 Radiation effects on polymer of cyclohexyl acrylate
(R. Roger *, M.H. Rao and K.N. Rao)

Two samples of different molecular weights (the monomer

polymerised to 7.8/J and 152 conversion) w«re irradiated to

various doses. In both, the CO, C02 and H2 yields were found to

be linear upto 30 Mr ads and G(RH)«*O. The product G-values
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indicated that the - CH link breaks up more easily than the

ester group, unlike in methacrylates. The polymer formed

a three dimensional net work for a total dose of less than 2 M

rads. The swelliny of the irradiated polymer was found to

decrease with increase in radiation dose up to ~16 Mrads but

increased at higher dose. These results indicated that

degradation dominates over crosslinking in gelled polymer above

16 Mrads. A mechanism for radiolytic degradation for a

branched polymer was proposed.

• Research Scholar, Madagascar

A2.22 Rcidiation initiated grafting of acrylic aci" on
cellulose
(M.H. Rao, K.N. Rao and H.T. Lokhande*)

Radiation initiated grafting of acrylic acid

on to cellulose was carried out in presence of CuSO. as

scavenger. The initial rate of grafting was independent of

the concentration of the acid used,indicating that the rate

determining step was the rate of production of radicals on the

backbone. Autoacceleration was observed in all the cases and

the saturation grafting was proportional to the concentration

of the acid used, indicating that the total graft obtained

depended only on the concentration of the monomer present

in the swollen phase. Optical microscopy of the grafted samples

revealed no surface grafting, since no polymer deposit was

observed on the surface of the fibre.

University Department of Chemical Technology, Bombay.

A2.23 Gas diffusion through polymer films
(Smt. K.K. Pushpa, K. Annaji Rao and R.M. Iyer)

Studies on diffusion of H2, He, Ar, 0£, N2 and C02

through normal and Y-irradiated mylar films and Y-irradiation

induced acrylic acid grafted mylar films were carried out.
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t)iffusion of H« and He at various stages of film treatment

such as activation, sensitization and metallizing, was also

investigated. Diffusion studies using hydrogen containing

80 ppm D2 through normal and palladized mylar film were

carried out using mass spectral technique. All the films

showed more or less uniform diffusion patterns with respect

to the diffusion of all gases in the temperature range 25°-2OO°C,

under the various stages of film treatment and/or modification.

The gas diffusion rates were substantially reduced in the case

of acrylic acid grafted film.

Frozen Systems

A2.24 Matrix isolation studies on transients produced
in Y-radiolysis of organic molecules at 77 K
(Lian C.T. Shoute, K.V.S. Rama Rao and J.P. Mittal)

Anion radical formation and its conversion to ketyl

radical by protonation were studied with both protpnated and

fluorinated organic solutes in frozen 2-methyl tetrahydrofuran

(2-MTHF) and 3-methyl pentane (3 HP) matrices. About forty

compounds were screened to establish comparative trends,

dependence of the functional group and matrix. In almost all

the cases the irradiated frozen matrix showed optical absorption

maxima in visible arM also in a few cases in the UV region

attributable to the anion radical. Acetylacetone showed

modified spectral features on warming the matrix for a few

seconds and recooling to 77'K. Protonation of the anion radical

to give ketyl radical was responsible for such changes. Spectra

attributable to presolvated anions (solvent dipoles randomly

oriented) were obtained With benzophenone and perfluorobenzophenone.

Solvated anion and ketyl radical spectra were obtained on

warming for different periods of time. CP3 containing coumarin

dyes gave a lightly absorbing species on warming while methyl

coumarin did not.
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A2.25 Reactivity of the mobile electron, e" in frozen
systems at 7T,K m
(C. Gopinathan and S. Kapoor)

The relative reactivities of the mobile electron

e" , towards various solutes in frozen aqueous systems irradiated

at 7TKwere experimentally studied by optical absorption

spectrophotometery and electron spin resonance. It was shown

that the reactivities towards e~ in ethylene glycol-water

glasses decrease in the following order.

UO2
++> N0~ > acetone > H*

This order was different from the relative reactivities of the

same solutes at room temperature with the solvated electron.

A2.26 Y-radiolysis of polyiodomethanes in 3-methyl
pentane at 77k
(Hari Mohan, R.M. Iyer and K.N. Rao)

Further studies on Y-radiolysis of CH91? a n d

CHI- in 3-methyl pentane at 77k were continued. The intensity

of absorption bands and stable product yields were estimated

at different solute concentrations and also in the presence

of equimolar benzene. The results indicated the existance

of solute aggregates at solute concentrations higher than

10"4H.

A2.27 Photolysis of polyiodomethanes in 3-methyl pentane
at 77K
(Hari Mohan, R.M. Iyer and K.N. Rao)

Photolysis at 300 nm of CHg^ in 3MP at 77k produced

two new bands at 385 nm and 570 nm. Photolysis of CHI3

produced bands at 450 nm and 300 nm. The relative quantum

yield for photobleaching of 385 nm and 450 nm bands decreased

with the time of photobleaching. Quantum yields of the

products in the photolysis of CH2I2 and CHI3 were determined.

The intensity of absorption bands and stable product yields
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Were studied as function at temperature and concentration.

It was concluded that 385 nm and 450 nm bands were due to solute

cations and 570 nm and 600 nm bands were due to CH,! and CHI2
radicals, respectively.

A2.28 Molecular complexes of amines with oolyhalogeno
methanes in 3-methyl pentane at 77K
(Hari Mohan, K.N. Rao and R.M. Iyer)

A new absorption band at 380 nm appeared on cooling

a solution of tetra methyl paraphenylene diammine(TMPD) +

CBr. (or CHIU) in 3MP to 77K. This band was assigned to a

thermally unstable charge transfer complex between TMPD and

CBr- (or CHI,). The equilibrium constant (K) and extinction

coefficient (€) for (TMPD+CBr.") complex were estimated. The

band was not observed by either of the components singly present

in 3MP at 77K. The band was also not observed with acceptors

having significantly less electron absorption coefficient. The

intensity of charge transfer band increased on photolysis

(300nm) at 77K. Photolysed solutions of TMPD, CHI3 or CHBr3
alone in 3MP at 77K, did not show this band. Further studies

are in progress.

Ion-molecule reactions

A2.29 Mass spectral studies on stilbenes, phenanthrene
and Pluorene
(K.N. Rao, G. Ramanan and M.S. Panajkar)

Electron Impact Mass Spectra (EIMS) at a number of

ionising electron energies and chemical ionisation mass spectra

(CIMS) with methanol and acetonitrile as reagent gases, were

obtained on Cis-and trans-stilbene, phenanthrene and fluorene.

Clastograms for specifically important ions in all the systems

were obtained. Only trans-stilbene was found to undergo ion

addition reaction whereas cis-stilbene showed a greater proton
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transfer reactivity from CH-OH,. Fluorene was found to have

-9 times higher reactivity towards CHjOHg species than

phenanthrene.

A2.3O Proton transfer reactions from CHgOHp* to benzene
(K.N. Rao, G. Ramanan and M.S. PanajRar)

Gas phase reactions in methanol and benzene binary

mixtures were studied in mass spectrometer in El and CI

conditions. Effect of concentration of benzene and ion source

pressure on (CgH_)+/(CgHg)+ was studied and a concentration

of 17- benzene was found to be adequate for proton transfer

phenomenon to be discernable.

A2.31 Chemical ionization mass spectra of flavone and
flavanone
(K.N. Rao, G. Ramanan and M.S. Panajkar)

Electron impact (El) and chemical ionization (CI)

mass spectral studies were carried out with flavone (mcl.

wt.222) and flavanpne (mol.wt.224) using different chemical

ionization reagents such as methane, acetonitrile and

cyclohexane. These CI reagents were investigated to study

their different charge transfer and proton transfer behaviour

and hence to select a suitable CI reagent for analytical CIMS

work. CI spectra were compared with El spectra taken at 70

ev energy. It was concluded that cyclohexane and acetonitrile

ace preferable CI agents for CI work with complex molecules.
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Theoretical Studies

A3.1 On possibility of inducing transition from normal
to mixed valence state in SmS by high intensity
laser beam /
(S.N. Vaidya)

The possibility of formation of electronhole

droplets and of inducing transition to mixed valence state in

SmS at low temperatures and at high carrier densities produced

by high intensity laser beam was analysed. It was argued

that SmS may exhibit (i) semiconductor to semimetal transition,

(ii) formation of electron hole droplet and (iii) transihion

to mixed valence state, upon laser irradiation. Experimental

methods for detection of these transitions were enumerated.

A3.2 Stimulated Raman scattering of laser beams from
plasmas*
(A.P.G. Kutty)

The governing equations for stimulated Raman scatter-

ing (confining only to the side scattering) wers derived.

The density profile was taken to be exponential with an

adjustable parameter. A rough estimate of the growth rate of

the scattering instability showed that an absolute instability

cannot develop when the profile is steep. Convective growth

could be calculated by numerically solving the scattering

equation.

A3.3 Comments on thermal transients effects, in
optically pumped lasers*
(A.P.G. Kutty)

The temperature distribution in an optically

repetitively pumped cylindrical glass rod was derived. Instan-
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Caneous generation of heat at the cylindrical surface was

assumed. The heat conduction equation was then solved by

the Laplace transform method. The solution gave the tempera-

ture as a function of radial distance and time (starting

with a delta function pulse at time zero) in terms of radial

Bessel functions.

in collaboration with B.K. Sinha (Laser Section)

A3t-4 Effect of electron-phonon interaction on valence
transitions
(A.P.G. Kutty and K.C. Bhalla)

The effect of electron-phonon interaction on the

valence transitions was studied by adding phonon terms to the

coherently hybridized Falikov-Kimball Hamiltonian. The

phonon induced electron - electron coupling makes first order

transitions possible for small values of the Felikov-Kimball

repulsion parameter. For larger values of this parameter it

was found that a first order transition occurs even in the

absence of the phonon terms.

A3*5 Electronic energy band structure of potassium
(M.G. Ramcharidani)

The calculation of full energy band structure was

undertaken to explain the electronic properties of potassium

in detail. Starting with Liberman's atomic charge densities,

crystal potential for potassium was computed by superposition

of atomic potentials of fourteen nearest neighbours using

Matheiss's approach. The crystal potential was used to compute

the energy eigen values for 55 K points in 1/48 Brillouin

zone using non-relativistic augmented plane wave method. The

eigen values were computed for a wide range of energies. The

Fermi surface and other electronic properties are being

computed using these energy eigen values.
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A3.6 Anisotropic hyperfine interactions at rare earth
sites under cubic crystal field
(Prithvi Raj)

A general purpose computer program was developed for

any rare earth atom under cubic crystal field. The excited

J multiplets were included and exchange field introduced

following an iterative self consistent procedure. From the

model calculations on Sm +(incorporating J=5/2, 7/2 and 9/2)

with Hexfc or H g x c along [101], C001] or till} directions, it

was brought out: (i) the hyperfine interactions are fairly

anisotropicf so that by monitoring these interactions by

Mossbauer spectroscopy, information about crystal field

parameters could be obtained. For R .or R along ClOl],
©5Ct 63CG

the principal efg component is not necessarily along the field

direction and that H ^ 0, (ii) in systems where only magnetic

moment carrying species are the RE ions, the selfconsistent

exchange field is quite anistropic. This aspect should be taken

care of before introducing any quadrupolar exchange terms,

(iii)in case of SmAl2, it was found that none amongst the bands

of A. and A- values which explain the paramagnetic data could

be used to explain the low temperature hyperfine data, (iv) in

SmFe-, cubic crystal field parameters could not explain the change

over from the ferromagnetic to antiferromagnetic coupling

between the Fe and Sm + moments at about 500 K.

A3.7 Solute vacancy binding energy
(D.D. Pruthi and R.P. Agarwala)

The following relation was derived between enhancement

factor b and solute vacancy binding energy Eg for b.c.c.

structures.

E o = 0.784 RT log (l+b/6)

The qualitative information obtained earlier about solute vacancy

interaction could be quantified. Based on this equation the

value of the zirconium vacancy binding energy in Zr-V alloys was
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found to lie between 3.48 and 4.32 K.cal/mole in the temperature

range 1578 to 1888 K. The value of vanadium vacancy binding

energy in Zr-V alloys was found to increase from -2.13 to

2.76 K.cal/mole, as the temperature increased from 1167 to

1476 K.

Defects and Diffusion Studies

A3.8 Defects studies in irradiated and cold worked
materials
(R.P. Agarwala, B.M. Pande and M.S. Anand)

Isochronal annealing studies of both cold worked and

neutron-irradiated vanadium, vanadium-2 at'/, niobium and V-2

at '/. aluminium alloy were carried out. A stage was observed

for all the materials at ~43O K. Recovery in vanadium-2 at

'/• aluminium was comparatively less than pure vanadium or

vanadium-2 at '/ niobium. Results indicate that oxygen is the

migrating specie* in this stage.

A3.9 Defects in V-2 '/. Zr system
(B.M. Pande, M.S. Anand and R.P. Agarwala)

In order to confirm the suggestion regarding oxygen

impurity migrating in third stage, work was started in V-2 '/.

Zr system, because Zr-0 formation energy is much higher

compared to Al-0 or Nb-0 system. The work on V-2 '/. Zr cold

worked system showed that the recovery is of the order of

1OO n-n-Cm. This is much less than that found for V or V-2 "/.

Al system.

Annealed samples of V-2 '/. Zr were irradiated in

a fast neutron fluene

studies are being carried out.

18 2Apsara to a fast neutron fluence of 4 x 10 n/cm and recovery
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A3.10 Surface damage studies in TiC coating
(B.M, Pande and R.P. Agarwala)

TiC coatings on 304 stainless steel prepared using

DC sputtering techniques were irradiated by helium ions in VEC.

using the degraded beam of 3 to 5 MeV at different doses.

The coatings were adherent after this irradiation and no change

was observed.

A3.11 Laser irradiation damage in V-2% Zr system
(B.M. Pande, M.S. Anand and R.P. Agarwala)

Samples irradiated with YaG-Nd laser (\=1.06p) of

0.1 Joule and pulse duration of 10 ns , with 40 shots, showed

a resistivity increase of only 0.017.e Samples irradiated for

about 1OO shots with CO, laser (energy 10J and duration 150 ns)

showed a resistivity increase of only 0.03£. Further work

is in progress.

A3.12 Solute and solvent diffusion in V-Zr alloys
(D.D. Pruthi and R.P. Agarwala)

Qr

A. Solute diffusion: Diffusion of sZr was studied

in V-Zr alloys as a function of solute concentration (0-2

atom */.) and temperature (1578-1883 K) by serial sectioning

technique. Diffusivity was found to increase with the increase

of solute content throughout the temperature range. Arrhenius

plots were found to be linear for all the alloys and the

diffusion parameters D and Q were found to increase with an

increase in solute concentration. It was concluded that the

effect due to D predominates.

B. Solvent diffusion; Diffusion of V was studied

in V-Zr alloys in nearly the same temperature range and for the

same composition of alloys as for the solute. For solvent also,

diffusivity was found to increase with the increase in solute

concentration, throughout the temperature range. However, the
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values of diffusion parameters D and Q were found to

decrease showing that the effect due to Q predominates.

Impurity correlation factor and certain jump frequency

ratios were calculated, as a function of temperature, using

the two models of LeClaire, with and without weak perturbation

approximation. Some of these jump frequency ratios were

interpreted as showing solute-vacancy attraction, throughout

the temperature range.

Thermal. Electrical And Magnetic Properties

A3.13 Measurement of thermal conductivity of oxide
coating on Monel-400
(A.K. Dua, V.C. George and R.P. Agarwala)

Oxide coating on Monel»400 was formed by autoclaving.

Experimental and analytical details have been described in a

recent report.- The thermal conductivity value was found to

be0.17 W m"1 k"1 at 3O8 K for a coating thickness of ~9 x 10~6m,

compared to that of 26 W m" k~ for the bulk monel-400.

A.K. Dua, V.C. George and R.P. Agarwala
BARC - 1153 (1982)

A3.14 Thermal transport in metal oxides
(C.G.S. Pillai and A.M. George)

Thermal transport in LaCoO, was studied by measuring

its thermal conductivity in air, from 300-900 K. The

conductivity showed an anomalous sharp increase with temperature.

The contributions of,different modes of conduction to the

total thermal conductivity were calculated. The excltonic mode

was found to be the dominant mode of heat conduction at high

temperature*
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Measurement of thermal conductivity of La.XO.

(X=Cu and Ni) and solid solutions of LaCoO,-LC20M is in

progress.

A3.15 Thermal studies of Cs-IMNO,)c
(M.S. Gill, and S.C. JainT b

The compound Cs2U(NO3)g was prepared by reacting UC14

(6M HC1) and CsNOg in the presence of sulphamic acid. Thermal

decomposition was studied by TGA and DTA in flowing nitrogen.

Various steps involved in the decomposition were determined.

The in situ oxygen potential generated during decomposition

was probably high enough to oxidise Cs-UO. formed initially.

Hence, the final product was always a mixture of Cs2UO. and

Cs2u"2O7. In separate experiments, decomposition characteristics

were obtained at various fixed temperatures under continuous

pumping to minimise the generated oxygen potential. The

decomposition products were identified using X-ray diffraction.

• in collaboration with M.S. Chandrasekharaiah
(RECS)

A3.16 Smectic-C nematic transition in the mixtures
5 6 BABA»
(5.V. Yakhmi)

Differential scanning calorimetric investigations

of mixtures of 5 6. BABA (0^ x { 1) were carried out to

study the smectic C-nematic {Sc-N) transition. For x }O.6,

this transition could be observed only while cooling. The

transition temperature T C N decreased from 459K for x = 0 to

about 443K for x = 0.3, remained constant for x >0.4 because

of the appearance of a new phase P, of unknown nature.

Specific heat measurements were made for samples for x = 0 and

x = 0.59. For pure 6BABA, the specific heat data clearly



40

showed the first order nature of the Son transition. For

x « 0.59, although the specific heat data apparently showed

the Sc-N transition to be a continuous one, it was in' effect

a very weak first order transition. The TCN and AS measure-

ments on 5 6, BABA showed a marked difference in the

n-dependence for pure and mixed BABA's which could be related

to the conformational change of the hydrocarbon chains in 5BABA

and 6BABA.

in collaboration with K. Usha Deniz, P.S. Parvathanathan,
(NPD) and A.V. Patankar (BOD)

A3.17 On the electrical resistivity and Neel temperature
of dilute Cr-Ir alloys
(J.V. YakhmT, I.K. Gopalakrishnan and R.M. Iyer)

The electrical resistivity was measured as a function

of temperature for C£-Ir alloys with varying Ir-concentration.

All the alloys showed a resistivity minimum from which values

of TN were determined. The variation of T vs solute concen-

tration showed no minimum, instead it rose sharply upto about

0.5 at V . Ir and then gradually at higher concentrations, in

agreement with the Fedders—Martin theory. It was concluded

that the size of the f-anomaly increases with increase in Ir-

content because of the increased interaction area between the

hole- and the electron-sheets of the Fermi surface.

A3.18 On the electrical resistivity of Cr-Mn dilute alloys
(J.V. Yakhmi, I.K. Gopalakrishnan"and R.M. Iyer)

Electrical resistivity measurements were made as a

function of temperature on the alloys with varying Mn concen-

tration. The alloy with 0.8 at */. Mn showed a broad

resistivity anomaly spread over 50K, immediately below the

paramagnetic-commensurate antiferromagnetic transition

temperature. This supported the view that the transition was
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inhomogeneous and not of second order, and suggested a gradual

growth of paramagnetic regions as the temperature was raised

through T... In contrast, the alloys with 0.1 and 0.2 at */.

Mn showed relatively sharper resistivity anomalies for the

paramagnetic-incommensurate antiferromagnetic transition. The

alloy C£-0.3 at */. Mn, however, gave a diffuse resistivity

anomaly possibly because of fluctuations from the transverse

incommensurate antiferromagnetic phase due to its proximity

to the tricritical point in the magnetic phase diagram. A

distinct slope change in the f(T) curve was observed at 132 K

in the case of the alloy with 0.8 at */. Mn corresponding to

commensurate-incommensurate transition. For Cr-0.3 at '/. Mn

alloy, however, this transition could not be resolved. The

Neel temperature data obtained from df/dT minima were found

to be in good agreement with the proposed phase diagram.

A3.19 Electrical resistivity of Co-based Heusler alloys*
(J.V. Yakhmi and I.K. Gopalakrishnan)

Electrical resistivity measurements, as a function

of temperature, Were carried out on Co-T. Al (T = Ti or Zr)
b X ̂ 3C yC

system. The phonon and spin disorder resistivity contributions

were estimated. The Zr rich alloy CooZrn , cAlrt o_ indicated a
£. 1.13 (J.O3

deviation from hZ^ structure and showed a very high resistivity.

The Ti deficient alloy Co2TiQ 7 5A1 1 2 5 showed no sign of

magnetic order. The magnetic behaviour of these alloys seems

to agree with the Steam's model.
in collaboration with A.K. Grover (TIPR)

A3.2O Scattering from spin clusters in Co Ga alloys
(J.V. Yakhmi)

The abnormally high values of electrical resistivity

obtained for the slow-cooled alloys with x = 0.63, 0.60, 0.585
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and 0.50 were suggested to be arising from a very large

contribution from scattering by small anisotropic spin clusters

which are known to exist. A negative temperature coefficient

of resistivity obtained in the case of non-magnetic alloy
Co0.50Ga0 50 w a s a l s o rationalised on the basis of a model based

upon scattering of conduction electrons by spin clusters.

A3.21 On the lamellar phase of manganese stearate*
(J.V. Yakhmi)

Magnetic susceptibility of the bilayer lamellar phase

of manganese stearate was measured from room temperature to

130°C. It was found to obey the Curie-Weiss law, V*J = 3.05/

(T-24.9), except in the vicinity of the transition temperature

corresponding to chain meiting (~̂  390 K).

in collaboration with K. Usha Deniz, P.S. Parvathanathan,
R.J. Begum (NPD), A.V. Patankar (BOD) and E.B. Mirza(RECS)

A3.22 Mossbauer studies on amorphous systems
(Prithvi Raj)

Mossbauer spectra of metal glass systems Zr7gFe? •

and Fe4o^4oB2o w e r e recorded at various temperatures and the

stages of crystallisation observed. It was found that on

prolonged heating at low temperatures, Zc^JFe^. partially

changed over to a metastable Zr,P*. On further heating, a stable

form of orthorhombic Zr_Pe emerged. Complex Mossbauer spectra

of Fe4nNi4oB2O r e c o r d e d under small external field are being

analysed.

in collaboration with G.P. Tiwari (Met. Div.)
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High Pressure Studies

A3.23 Resistivity studies on Ga^Te, and In,Te_ under
high pressures* * J ^ •*
(S.N. Vaidya and D.K. Joshi)

The resistivities of III-V semiconductors Ga-Te,

and In^Te- were found to decrease abruptly under hydrostatic

pressure between 10 and 70 fcbar. The transition was reversible

for Ga2Te3 but was irreversible for In2Te_, due to decomposition.

The results were compared with the behaviour of II-VT and

III-V semiconductors and transition pressures correlated with

lattice constants.

in collaboration with D.N. Bose and S. Sen, IIT (Kharagpur)

A3.24 Effect of pressure on the valence of cerium ions
in Celn,, CeAl-, CeAl- and CeSn,*
(V. Vijayakuma? and S.N. Vaidyaf

The room temperature thermoelectric power and

electrical resistance of Celn_, CeAl2, CeAl_ and CeSn_ were

measured, as a function of pressure upto 80 kbar. The thermo-

power versus pressure curves of CeSn^, CeAl3 and CeAl. showed

maxima which were attributed to the occurrence of continuous

valence transitions of Ce ions. No valence transition was

observed in Celn., in the pressure range investigated. The

resistance curves exhibited the corresponding anomalies in

these compounds. The pressure of valence transition was found

to be higher for compounds having large separation between

4f level and the Fermi-energy.

in collaboration with E.V. Sampathkumaran & F.Vijayaraghavan
(TIFR)
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A3.25 A search for valence transition in uranium compounds
(C. Karunakaran, D.K. Joshi and S.N. Vaidya)

A number of uranium compounds UPd,, UA1-, USb, UC

and UN were prepared and their electrical resistance and

thermopower were measured upto 50 kbar. No evidence of any

valence change in U was observed in these experiment's. Compre-

ssibility measurements were carried out on UC and UN., upto 40

kbar. Volume compression measurements on UC did not show any

anomaly and V/V at 40 kbar was found to be 0.959.

A3.26 Effect of pressure on the thermoelectric power
of La, Th and U *•
(V. Vijayakumar) *,

Thermoelectric power (S) measurements on lanthanum

showed a sharp increase in S at 23 and 43 kbar and a small

change in the slope of S versus P curve at 86 kbar. The sharp

anomaly at 43 kbar confirmed the existence of an electronic

transition which has not been reported earlier.

Thermopower of uranium and thorium was found to be

almost independent of pressure upto 100 kbar. The small change

in the slope of S versus P curve in uranium and in thorium may

be due to subtle electronic changes in these elements.

A3.27 High pressure DTA and compressibility measurements
(C. Karunakaran, S.N. Vaidya, V.. Vijayakumar and
D.K. Joshi)

The effect of pressure (upto 40 kbar) on the melting

temperature of high density polyethylene (HDPE) was measured

in piston-cylinder apparatus using differential thermal analysis

(DTA). A steep rise in melting temperature of HDPE was

observed and the initial slope dTffl/dP determined. The melting

DTA signal progressively diminished with increasing pressure

and disappeared above 36 kbar.
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Metal-Hydrogen Systems

A3.28 Solid metal hydrides of (PeNi)Ti system
(K.B. Bhatt, P. Suryanarayana and A.J. Singh)

Alloys with a general formula (Fe, vNiv) Ti

(x = O to 0.9) were prepared by argon arc melting and annealed.

A study of activation of these samples indicated that substitu-

tion of iron with nickel facilitated the activation of the alloy

and the tendency was enhanced with increasing content of nickel.

The nickel concentration was optimised to achieve reversibility

of the alloy at room temperature. The isotherms for Fe_ „_

Mi_ _,Ti and Pe_ oaNirt _.Ti were obtained and the AH and"AS

values determined. Further work is in progress.

A3.29 Hydrogen implantation in metals by reactor
irradiation
(A. Satyamoorthy, Prithvi Raj and R.M. Iyer)

Attempts were made to standardise a method of

estimation of i.nplanted hydrogen using thermal release technique.

High and non-reproducible background hydrogen levels (30-40 ul)

were reduced to -1 pi. Experiments with reactor irradiated

copper and stainless steel (310) did not give reproducible

results. Transmission and conversion electron Mossbauer

spectra of the irradiated samples did not show any change in the

Hossbauer parameters.

A3.30 Hydrogen-production by water cleavage:
photocatalysis by transition metal dichalcogenides
(A. Satyamborthy and R.M. Iyer)

The optimum conditions for the preparation of WS_

were determined. WS2 powder so obtained was used for single

crystal growth, with and without halogen transport. Initial

experiments gave only micro-crystalline shiny particles. It

was observed that the temperature profile of the furnace, volume

of ampoule and the concentration of halogen played crucial
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roles in crystal growth. Work on photolysis of gaseous

water over WS, and WS 2 suspension in water is underway.

A3.31 Hydrogen storage materials: Characterisation by
Mossbauer spectroscopy
(Pritbvi Raj and A. Satyamoorthy)

Mossbauer spectra of Fe. Ni Ti (0 < x < 0.5),

FeTi, ,_, Fe_ QCNirt . cTi were recorded before and after
JL • J.D vJ.OD U.X'D X . 1 D

hydrogen loading and thermal treatments. H_ loading was done

by the acid and high pressure gaseous methods. Various hydride

phases were identified by Fourier analysis of the Mossbauer

spectra. Isomeric shift distribution was also determined.

Further work is in progress.

A4. WORK DONE ABROAD

T. Mukherjee was on EOL at Paterson Laboratories

Christie Hospital and Holt Radium Institute Manchester, England,

July 8O •» September 82, where he wr•?.,•.-.• 1 on:

i) Pulse radiolysis studies and on* and t;o electro.)
redox reactions of quinone antiLamor drugs and
their model compounds,

ii; Pulse conaaccivity studies on quinones, and

iii) ESR studies on radicals derived from quinone
antitumor drugs and their model compounds.
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S.K. Kulshreshtha was on EOL from Jan 81 to Dec 82

at the Institut fur Physikalische und Theoretische Chemie,

ERLANGEN (F.R.G.) where he worked on :

Nature of low spin ** high spin transition in

Fe(II) complexes: as studied by Mossbauer Spec-

troscopy, X-ray diffraction and magnetisation

measurements.

G. Ramanan was on EOL at the University of Alberta,

Alberte (Canada) from Dec 80 to Dec 81, where he worked on :

Temperature, Density and Electric Field Effect

on electron mobility in NgjHgand He.

K.C. Bhalla was on EOL from March 80 to April 81

at the chemistry department, Wayne state University, Detroit,

Michigan (U.S.A.), where he worked on :

i) Classical Trajectory studies of F + C2 H4~*

( C2 H4 P )* "* C2 H3 F + H , and

ii) Ab Initio Molecular Orbital studies of

H + CpH. and F + CJ»HA using Gaussian Orbitals:

comparison of energetics.

S.K. Sarpal was on EOL from Dec 79 to Dec 81 at the

University of California Irvine, USA, and University of

Illinois, Urbana, USA, where he worked on :

i) Theoretical computation of isotope in chemi-

cal exchange equilibria: Dependence of isotope

effects on the method of obtaining force

constants from vibrational data
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11) Theoretical computation of equilibrium

isotope effects by perturbation theory

technique: Dissection of D/H and 13C/12C

isotope effects in alkanes and alkyl

chlorides

ill) Theoretical computation of Kinetic

isotope effects: H/D and 13C/ C isotope effects

in a model enzymic reaction involving decompo-

sition of formate ion.

M.S. Anand was on deputation from Jan 81 to April

82 at the Physik Dept. Technical University, Munchen, Garsching

(FRG) where he worked on :

Radiation damage studies in Zr and its alloys

at. 4.6 K using fast neutrons.
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B. APPLIED RESEARCH AND DEVELOPMENT

Bl Chemical treatment for plugging leaks in BSC
coils at MAPP-1 And end-shield of RAPS-I*
(U.S. Ahuja, N.V. Ayyar, A.M. George,
I.K. Gopalakrishnan, R.M. Iyer, S.B. Karweer,
I.A. Khan, C. Manohar, C.G.3. Pillai, K.K. Pushpa
and K. Annaji Rao)

Remote plugging of leaks in water circulating

carbon steel pipes buried in thick concrete was attempted

employing a chemical method for use in MAPP-1.

Laboratory investigations indicated that organic

polysilicate containing fine suspension of zinc powder

could be gelled into a hard mass by polymerisation with an

alkaline catalyst. Further work on experimental test loop

was conducted in collaboration with PPED. The method was

found acceptable and later successfully used for the BSC

coils (Nos 1, 2 and 48) at MAPP-1. After six cycles of

chemical treatment, the leakage could be plugged satisfactorily.

It was decided to use this method for plugging

the leakage in the end shield of RAPS-I. Support studies

were conducted as listed below, before actually carrying out

the chemical treatment at RAPS.

(i) Evaluation of density, viscosity and surface tension

of the organic polysilicate} chemical composition and

impurity levels in the materials, (ii) Studies on the

formation of stable suspensions of zinc metal powder in

different media like water isopropanol and organic

polysilicate using fifteen different surfactants,

iii) Gelling time of silicate and (silicate + zinc) mixture

with respect to different parameters; (iv) Adhesion of

silicate and (ssilicate + zinc) mixture on carbon steel

coupons, (v) Estimation of hydrogen evolution in nine

different compositions and gelled matrices, (vi) Data on

the rate of deposition of zinc metal powder from silicate
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and zinc mixture, (vii) Compatibility of the chemicals

used in the process with respect to the materials of the

end-shield, channel and calendria and (viii) Thermal

conductivity and linear thermal expansion of gelled

(silicate +• zinc) solid at various temperatures.

Laboratory simulation studies for plugging cracks

in two small-scale mockups, having single lattice tube

configuration with cracks having width oi the order of 0.1mm,

were carried out. The results showed that after 4-5 cycles

of chemical treatment the leakage could be effectively

stopped and that thermal cycling upto ~100°c did not show

any adverse effect on the plug.

Studies on large engineering scale mockup having

four lattice tube configuration, designed and fabricated

by PPED engineers were carried out jointly. After five

cycles of chemical treatment, it was pressure tested. Later,

it was thermally cycled from room temperature <to 100° G

and further tested. Temperature cycling apparently did not

deteriorate the chemical binding of the formed plug. The

operational procedure for the chemical treatment on the

RAPStericteshield leakage was carefully evolved by discussion

between BARC group and PPED group. The plugging operation

was jointly carried out. The end shield was recommissioned

and operated for a period of ten weeks including three

weeks of power generation.

in collaboration with N.S.K. Prasad
(Uranium Extraction Division)
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-B2. MATERIALS DEVELOPMENT

B2.1 Extraction of pure niobium and tantalum from
columbite ore by solvent extraction
(A.A. Majnudar, R. Krishna Iyer and Y.W. Gokhale)

Detailed investigations were carried out on the

solvent extraction of niobium and tantalum using tri-n-octyl

amine (TOA) from the feed solution obtained by breaking columbi-

te ore with hot concentrated hydrofluoric acidi The main

impurities in the feed solution were titanium and iron.

Effects of concentration of metals, HF, H^SO., amine and the

organic/aqueous ratio on the extraction were studied. Kerosene

was employed as diluent and decyl alcohol as phase modifier.

The separation of tantalum was more effective at low concen-

trations of TOA. Thus with dilute TOA equilibrated with dilute

HF more than 9OX of tantalum was extracted in a single stage.

Prom the raffinate 90/. of niobium was extracted with TOA of

higher concentration equilibrated with concentrated HF. The

organic phases were purified by counter current scrubbing with

dilute HpSO. and HF in the respective cases of Ta and Nb and

were stripped of the metals with dilute ammonium fluoride and

H2SO. solutions in the same order. Typical impurity levels

determined by spectrographic analyses of the as-prepared

tantalum oxide were: Nb< 0.04Z, Ti < 0.01'/. and Fe < O.OW.

B2.2 Removal of tantalum impurity from electrolytic
antimony
(S.G. Deshpande and R. Krishna Iyer)

Continuing the work reported earlier*, samples of

antimony prepared from SbClg-HCl bath using tantalum cathode

were found to contain 8-10 ppm of tantalum impurity. By

ultrasonic cleaning of the cathode plate before electrodepo-

sition the impurity level was brought down to less than 1 ppm.

By zone refining the metal thus obtained, tantalum in the
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starting and middle zones reduced to nil while the end zone

contained less than one ppm of tantalum.

BARC - 1105(1981)

B2.3 Investigations on distintegration of graphite anode
during .electrowinning of antimony
(S.G. Deshpande and R. Krishna Iyer)

Detailed studies were carried out to determine the

cause and extent of disintegration of graphite anode during

the preparation of high purity antimony by electrowinning from

acid baths. The results showed that CO- formed at the anode

along with chlorine was mainly responsible for the damage to

the anode. The content of CO- in the evolved chlorine was

found to depend inversely on the chloride ion concentration

around the anode.

B2.4 Indium*.Vacuum fusion
(G.M.. Phatak and K. Gangadharan)

Work on vacuum fusion of commercial indium metal

was taken up to lower its Tl content (to < O.Ol'A) and

thereafter subject it directly to the electro refining

process used for the production of high purity indium at

Special Materials Plant, NFC. The effect of initial thallium

content of the metal on final purification was studied in the

range of 0.01 to 0.37 in the temperature range 373-1273 K

and time duration 2-4 hrs. It was possible to reduce the

thallium content to less than 10 ppm.

B2.5 Electrochemical precipitation of metals from
solutions
(G.M. Phatak and K. Gangadharan)

• Gallium precipitation with aluminium and aluminium-

gallium alloys was investigated in the presence of zinc, tin etc.
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with a view to (i) understand the mechanism of gallium cemen-

tation and (ii) extend the studies for the recovery of gallium

from gallium rich solutions, available with the aluminium

industries. Initially, pure sodium-gallate solutions were used.

The effect of various impurities such as vanadium, iron, chromium,

sulphates, oxalates, phosphates etc. on gallium precipitation

was studied. It was found that aluminium gallium alloys were

superior to aluminium metal alone.

The kinetics of gallium cementation was studied as

such and in the presence of added sine. The reaction followed

the first order rate law with respect to gallium. An increase

in the concentration of zinc increased the cementation rate of

gallium. The effect of varying the aluminium wtjjf in gallium-

aluminium alloy was studied. Results revealed that gallium

precipitation remained unaffected in the absence of zinc

while, in its presence (Ga:Zn = 1:1), it was enhanced. Further

experiments on cementation of zinc, vanadium from alkaline

solutions on gallium-aluminium alloys are in progress.

B2.6 Electrolytic deposition of gallium with zinc at
stainless steel cathode
G.M. Phatak and K. Gangadharan)

Work on co-deposition of gallium with zinc from bayer

liquor at stainless steel cathode was continued. The effect of

current density in the range 1 to 10 amp/sq.dm. and of Zinc:

gallium molar proportion in the range(2.S:l to 1:4), was studied.

Gallium enrichment to the extent of 10# was obtained in the curr-

end density range of 6 to 10 amp/sq.dm. The gallium content in

the deposit was found to increase with increase in Ga:Zn ratio.

B2.7 Extraction of lithium from lepidolite ore
(S.S. Gupta and Y.W. Gokhale)

Extraction of lithium from lepidolite ore by methods

such as pressure leaching, exchange leaching and molten salts
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fusion were attempted on laboratory scale. Aqueous leaching

under a pressure of 60 kg/cm in an autoclave, at 600 K and

in .presence of CaSO4, K2SO4 or CaClg yielded a recovery of

4'A. Column leaching of the lepidolite ore (~150 mesh) with

KOH solution gave a meagre 0.4*/. recovery. Encouraging results

i.e., upto 22ft recovery, were obtained when a 1:1 mixture

of the ore with NaCl-KCl and Nad/CaClg eutectics was fused at

975 K.

B2.8 Crystal growth of CdSe
(N.S. Krishnan, M.B. Kokare, A.J. Singh and
T. Kesavadas)

The source temperature for growing crystals of

CdSe from the vapour phase by sublimation was optimised and

a sizeable number of fairly large crystals of about 10 mm dia

and 5-35 mm length were growth They were further annealed in

selenium, vapour. Examination of the chemically etched crystals

under microscope showed no grain boundaries in the majority of

cases and etch -pit densities were of the order of 10 per cm .

Their infrared transmittance was found to be comparable to the

material presently used in laser applications.

B2.9 GaP synthesis
(K.B. Bhatt, P. Suryanarayana and A.J. Singh)

Direct synthesis of GaP by an autoclave method on

a 5-10 g scale was taken up. A stainless steel pressure vessel

was fabricated and after installing water-cooled electrical

feied-throughs (200 amps) and other pressure fittings, the

vessel was hydraulically tested upto 70-bar pressure.

Graphite heaters (18 mm I.D. and 100 mm long) of double

helical type were fabricated and were pyrolytically coated at

1425 K with graphite. These heaters were installed inside the

pressure vessel and temperatures upto 1825 K were successfully

achieved* As a requisite for hhe GaP synthesis, stabilization
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of 1825 K for a period of 5 hrs was also attained,

work is in progress*

Further

B2.10 Synthesis of 2,3,5,6-lH, 4H-tetrahydro-8-methyl-
quinolazino-(9,9a,l-gh) coumarin (I) and 1,2,4,5,

3H, 6H, 10H-tetrahydro-8-trifluoromethyl(l)
benzopyrano (9,9a,1-gh) quinolizin-10-one (JI)
(C.V.C. Prasad and K.N. Rao)

The title dyes, which are relatively more stable

for lasing purpose because of their rigidized structures,were

synthesized according to the following scheme.

V

The lasing efficiency of these dyes was found to be comparable

to that of available laser dyes. The presence of impurities

in the above dyes was also monitored using reverse phase high

performance liquid chromatography employing methanol-water

mixture as the mobile phase and ODS-18 column as the stationary

phase.
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B2.ll Synthesis of 2,3,5,6-lH, 4H..tetrahydro-7-
benzimidazolyl qtiinolazino-(9,9a,l-gh) coumarin
(C.V.C. Prasad and K.N. Rao)

The title dye was synthesized according to the

following scheme.

The lasing characteristics were studied in various solvents.

Using nitrogen laser for pumping, the dye solution showed

lasing properties only on addition of the coumarin dye,
—•2

C-102 (10 M). This was because, the fluorescence spectra of

C-102 and the absorption spectra of the above dye were almost

superimposable. The tuning range of the above dye in alcohol

was found to be 495-530 nm.

B2.12 Purification of amino-coumarin dyes by reverse phase
high performance liquid chromatography
(C.V.C. Prasad and K.N. Rao)

A method for the separation of amino-coumarin dyes

from associated impurities was developed using reverse phase

high performance liquid chromatography using an ODS-18 column

and mixtures of methanol and water. The relation between the

retention times and structure of amino-coumarins was also studied.
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B2.13 Preparation of electronic grade phosphorus
(B.S. Mathur and D.S. Mungekar)

Some of the preliminary work carried out on purifica-

tion of commercial phosphorus was reported earlier. A method

for obtaining ultrapure phosphorus was developed and standardised.

Commercial phosphorus was filtered and leached with 15-20>C nitric

acid at a temperature of 353 K for about 4 hrs in specially

designed double-walled vessel fitted with a condenser. Impurities

like Cu, Fe, Al, Zn, Si, C, Sb, As, etc. got oxidised and

phosphides were dissociated to form a sludge. After leaching,

phosphorus was washed and transferred to a distillation assembly.

The moisture was removed and the assembly sealed at 10~ torr.

Three stage vacuum distillation was carried out at 393K under static

conditions. About 1 leg of commercial grade yellow phosphorus

was distilled by this method.

The purified phosphorus was then converted to the red

variety by heating at 523 K in a specially designed quartz

capsule for 72-100 hrs. Abour 500g of red phosphorus was

prepared by this technique out of which 150 g was supplied to

other Divisions of BARC. The purity of the product was assessed

from atomic absorption spectroscopic data.

B2.14 Preparation of perdeuterophenylacetylene
(J.T. Kunjappu, C.V.C. Prasad, Hari Mohan,
M.H. Rao and K.N. Rao)

The synthesis of phenylacetylene-d was carried out.

The steps involved were: (i) deuteration of benzene by DgSO^;

(ii) bromination of deuterobenzene catalysed by Io to
5 5

bromobenzene-d ; (iii) preparation of a-phenyl-d -ethanol by

the Grignard reaction of bromobenzene-d5with acetaldehyde;

(iv) dehydration of a-phenyl-d5~ethanol to phenyl-d5-ethylene

by KHSO-j (v) bromination of phenyl-d5-ethylene to styryl

dibromide-d5; (vi) dehydrobromination of styryl dibromide-d

to phenyl-d5-acetylene by alcoholic KOH; and (vii) exchange of
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the acetylenic hydrogen with deuterium by NaOD to yield

phenylacetylene-d .

B2.15 Carbon and Tic coatings for fusion reactor
application
(R.P. Agarwala, A.K. Dua and V.C. George)

Work, under IAEA research contract, on carbon and

titanium carbide coatings on stainless steel (304, 316),

monel-400, molybdenum, copper etc., was carried out. Carbon

coatings were prepared by D.C. sputtering from a graphite

target while TiC coatings were prepared by utilising three

different techniques. In the first method, simultaneous D.C.

sputtering from titanium and graphite targets on to a common

heated substrate was carried out. The second method employed

the D.C. sputtering from TiC target, while the last one made

use of the reactive sputtering from titanium target in an

argon + 0.77. methane gas mixture.

Characterisation of the coatings including composition

determination and surface morphology were carried out using

ABS, XPS (courtesy Met.Dlv),RBS (courtesy NPD) and X-ray diff-

raction techniques. Substrate-coating interface was studied

using optical metallography, SEM and Auger depth profile

analysis. The results revealed the presence of some titanium

oxide besides, titanium carbide.

B2-16 Metal hydrides
(K.B. Bhatt, P. Suriyanarayaria and A.J.Singh)

A high pressure experimental set up to study

absorption and desorption characteristics of various solid

metal hydride systems was earlier reported. Pressure-

temperature-composition (PTC) data for LaNig, PeTi(Mn) and

FeTi were obtained and the AH and AS values determine.!.
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B2.17 LC20M resistive heaters
(C.G.S. Pillai and A.M. George)

Experiments were carried out to pptimise the

parameters for fabrication of shapes of LC20M for use as high

temperature heating elements. The behaviour of the material

under different thermal loads and stresses and the metal/

ceramic contacts under these conditions was also ascertained.

Temperatures above 1400°C were achieved in the experiments.

Further work is in progress.

B2.18 Uranium halides
(I.A. Khan and H.S. Ahuja)

The earlier developed method for the preparation of

UC1_ was re-investigated with changed experimental assembly to

improve the yield of chloride. Procedure for the preparation

of UBr. by the bromination of uranium metal was optimised, to

give good yield and pure bromide. Alternate route for the

preparation of bromide by the bromination of U0_ with bromine

and CS- gave very poor yield.

OTHER DEVELOPMENTAL ACTIVITIES

These include :

i) The removal of carbon impurity from Al-by zone

refining (K.B. Bhatt and A.J. Singh)

ii) Zone melting of rare earth acetyl acetonate to

explore the possibility of rare earth separation

(D.S. Mungekar, B.S. Mathur and A.j. Singh)

iii) Preparation of high purity Ge(Ph)4 by zone melting

for radiation and photochemical studies (K.B. Bhatt,

Hari Mohan and A.J. Singh)
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iv) Assessment of different metals as suitable container

materials and new routes for the preparation of

lithium oxide. (I.A. Khan, S.B. Karweer and H.S. Ahuja)

v) Scaling up of CaSO^s Dy phosphor preparation and

evaluation of TL Characteristics on doping (S.S. Gupta,

Y.W. Gokhale and R.K. Iyer)

vi) Studies on radiation resistance of several paint

samples from Indian manufacturers for containment

coating in power reactors (M.K. Rao)

B3. RADIATION AND PHOTOCHEMISTRY

B3.1 Separation of europium from aqueous lanthanide
mixtures by a new phoi-.ochemical route*
(L.V. Shastri and J.P. Mittal)

In continuation of our earlier work,** mechanistic

and quantitative aspects of the photoreduction and separation

of europium from lanthanide mixtures were studied in detail.

A new pathway for Eu(III) reduction by ketylradical

(CH-J-COH was proposed. Yields of Eu(III) photoreduction for

different experimental parameters like solution composition,

pH, addition of chloride ion, recycling of raffinate containing

the unreacted acetone and 2-propanol etc. were estimated. By

suitably adjusting the conditions, an overall quantum yield -0.3

was. obtained for the precipitation of europium as europous

sulphate.
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By employing the new ketyl radical route, europium

was selectively precipitated from lanthanide mixtures. Detailed

studies were made on separation of europium from samarium and

praseodymium. Europium concent in the binary mixtures was

varied ov«)r a w.ide range, from 50*/. to 99.9£ and the photochemical

separation factors for all the compositions estimated. In a

single stage photolysis, europium was upgraded from 50, 90 and

99.8V. to 98.0, 98.9 and better than 99.9*/, respectively, in

the samarium containing mixtures. Further work is in progress.

in collaboration with N.P.K. Krishnan and T.K.S. Murthy
(Uranium Extraction Division)

BARC - 1105 (1981)

B3.2 Radiation chemical separation of europium from
lanthanide mixtures
U..V. Shastri and J.P. Mittal)

By Co-gamma radiolysis, aqueous europic ions were

reduced and precipitated as europous sulphate (EuSO./(G-5.9).

Values of G(EuS0.) obtained on irradiation of equimolar

mixtures of europium and samarium/praseodymium were 4.7. The

observed G values for EuSOu formation represented over 80

percent utilisation of the primary radical species for the

reduction of europic ions. Yields of europium reduction

obtained with different experimental parameters were studied.

The reaction mechanism was interpreted in terms of the reactions

e~ /H and (CH_)-COH radicals (generated by addition of

2-proponol) and the redox potentials of lanthanide ions.

Values of separation factor,p, were estimated to be

}15 and \ 6 for separation of Eu from equimolar Sir. and Pr,

respectively.
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63.3 -Effect of Y-irradiation on viscosity-temperature
characteristics of blended oils
(V.G. Thomas and S.B. Srivastava)

Kinematic viscosities of the blends of LZ 3140 and

LZ 7409 in AOC-90 and 10-1600 oils irradiated to a Y-dose of

about 100 Mrad, were measured at several temperatures. The

average fractional change of viscosity with temperature indicated

a deterioration of the viscosity-temperature(V-T) characteristics

of all the blends on irradiation, whereas the viscosity index

values showed deterioration only in some blends.

In IO-16OO blended oils, the percentage change of

viscosity from the neat oil was found to increase with

temperature indicating uncoiling of the polymer chains and hence

an improved V-T behaviour. In the A0C-9O blends, however,

this parameter was almost independent of temperature.

B3.4 Evaluation of anerobic adhesive sealant and
oils for PPED
(V.G. Thomas and S.B. Srivastava)

To indigenise the imported "Loctite Gr CV" adhesive,

its comparative evaluation with 'Fortite' samples was made,

upto a Y-dose of 1OO Mrad. The bond strength between the

locking compound and steel fastner was tested by irradiating

small nut and bolt assemblies applied with the compound and

measuring the torque required for loosening after irradiation.

Results showed that Fortite-741 and Fortite-771 are comparable to

loctite GrCV.

Suitability of servosystem-317 oil was also examined

up to a Y-dose of 100 Mrad. for replacement of ENKLO-53/

ENKLO-54 oils.
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B3.5 Effect of irradiation on viscosity and viscosity
index of oils containing additives
(V.G. Thomas and S.B. Srivastava)

Y-irradiation (upto 100 Mrad) studies on oils such

as AOC-90,AOC~180, 10-100 and 500 N containing different

concentrations (upto 10JC w/w) of LZ 3140 (a polyisobutylene)

and LZ 74O9 (a styrene copolymer) were carried out. Results

revealed the superior radiation resistance of the latter

blends and a decrease in viscosity index with Y-dose, generally.

It was concluded that the radiation effect on the polymer

additive largely controlled the gross behaviour of the blended

oil in a radiation field.

Qualitatively similar results were obtained with

blends containing styrene, butylacrylate and 2-ethyl hexyl-

acrylate additives.

B3.6 Nickel plating on mild-steel using gamma radiation
(L.V. Shastri, N.V. Ayyar and R.M. Iyer)

Gamma ray induced nickel plating was attempted as

a possible method of filling microfissures in mild-steel

structures. Ammoniacal aqueous solution containing nickel

and hypophosphite ions was forced into ~175pm gap maintained

between two mild-steel plates which were subsequently

irradiated with °Co-gamma rays. By repeating the cycles of

solution filling and irradiation, it was found that -150[im

thickness of nickel could be deposited in the gap with a

cumulative dose of -1.7 Mrad.
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64. ANALYTICAL STUDIES

B4.1 Deuterium/hydrogen ratio: analysis of liquid
water and hydrogen gas samples
(Deoki Nandan. B.S. Valaulikar, K.N. Bhide and
R.M. Iyer)

The inlet system of the mass spectrometer (Model

660) for D/H ratio analysis, supplied by Technical Physics

Division was modified to accomodate gas samples also. Using

tnis system, a large number of liquid water/hydrogen gas

samples of the division were analysed.

B4.? Removal of traces of carbon impurity in aluminium
nitride
(Smt. K.K. Pushpa, K. Annaji Rao and R.M. Iyer)

Attempts were made to remove trace amounts of carbon

impurity in aluminium and aluminium nitride by methanation of

the carbide. Hydrogen was passed over heated aluminium or

aluminium nitride for four to eight hours at temperatures in

the range of 600 - 1000 C. The evolving gas was analysed

for methane and the sample analysed for its carbon content.

This procedure resulted in removal of about 60/. carbon.

B4.3 Evaluation and on line purification of argon for
high quality welding
(I.K. Gopalakrishnan, K. Annaji Rao and R.M. Iyer)

Experiments were carried out at the request of PPED

to assess the level of impurities like, O2,CH., CO and CO-

in argon used for welding applications and to evaluate the

efficiency of online purifier consisting of 150g of copper,

150g copper oxide and 3OOg titanium sponge. Gas flow rates

up to 3 litres/mt could be obtained using the purifier, the

impurity level being less than 3 ppm(combined) in the outlet gas.
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84.4 Precipitation inhibition of CaSOA.2H2O by
flocculating agents
(U.S. Mahal and B. Venkataramani)

The behaviour of four commercial flocculating agents

on the precipitation inhibition of CaSO..2H2O as a function

of concentration (40-100 ppm) and solution pH (5-8), was

studied. It was observed that the precipitation inhibition

was effective at pH6.5 and above 84 and with increasing

concentration of the flocculating agents for all the four samples.

pH-titrations of the flocculating agents were

carried out in water, 1M Nad and in the presence of formalde-

hyde using 0.1M NaoH or HC1 to determine the functionality

of the agents. Flocculating agents having polyfunctional

carboxylic groups appeared to be more effective than those

having mono—functional groups, in inhibiting the precipitation

of CaS04.2H20.

It was concluded that the mechanism of precipitation

inhibition involved physical adsorption as well as chemical

interaction of the carboxylic groups with calcium present

in the precipitate.

B5, BIO-MEDICAL DEVICES

B5.1 Hydrogel membranes
(C. Gopinathan and K.S. Vatsala)

Strong hydrogel membranes were prepared from

polyvinyl alcohol solutions, chemically cross-linked by the

method reported earlier*. Absorption of barbiturates and

proteins in this membrane was studied. It was shown that
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bacteria could be trapped alive in this membrane. The

bio-technological applications of this process are being

investigated.

BARC - 1105(1981)

B5.2 The B.A.R.C. hemodialyzer and the oral
artificial kidney*
(C. Gopinathan, K.S. Vatsala and J.N. Dawre)

Fabrication of seventy B.A.60 hemodialyzers was

completed. Fifty of these passed the dry leak test and were

sterilised. These were sent to the Central Drug Research

Institute for toxicological evaluation. No adverse effects

were reported in fcheir experimental tests on animals. Two Kg

of the "Oral artifical kidney" composite described earlier**,

was produced. Control parameters such as the percentage of

aldehyde groups and urea uptake were determined and the

material radiation sterilised.

assistence of T.p. Balan (ACERS) and K.N.G. Kaimal
(RECS) is acknowledged

BARC - 1105(1981)

B5.3 The B.A.R.C. bilirubin strip*
(C. Gopinathan and K.S. Vatsala)

Based upon the new method for detecting bilirubin

in urine described earlier,** over five hundred strips for

the detection of bilirubin in urine were prepared. After

testing these strips at the B.A.R.C. hospital, about four

hundred strips were supplied to the Kasturba (infectious diseases)

hospital. The evaluation report indicated that the B.A.R.C.

strip was quick, reliable and easy to use and therefore would be

useful in screening large numbers of samples for jaundice.
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* assistence of T.P. Balan(ACERS) is acknowledged

•• BARC- 1105(1981)

B6 INSTRUMENTATION

B6.1 Automatic on line gas analyser for MAPP*
(N.V. Ayyar, K. Annaji Rao and R.M. Iyer)

This instrument was developed•• for the continuous

monitoring of MAPP reactor cover gas for D-, 0_ & N, in

different streams. The major problem of transient pick up

by memory circuits was eliminated and the unit installed

at MAPP site. Test runs carried out at plant showed the

unit to be working satisfactorily.

in collaboration with V.J. Agarwal (PPED)

BARC-1105 (198»

B6.2 Gas chromatograph for corrosive gas analysis
(N.V. Ayyar, K. Annaji Rao and R.M. Iyer)

Fabrication of gas chromatograph for on line analysis

of UF6 and associated impurities was completed. Some of the

components were modified to give better performance and longer

life. The instrument, after extensive tests, was delivered

to the user.
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BS.3 Gas chromatograph for the analysis of fission
gases - krypton and xenon
(N.V. Ayyar, K. Annajl Rao and R.M. Iyer)

A gas chromatograph for automatic on line separation

and analysis of fission gases krypton and xenon, in the cover

gas argon was designed and is being fabricated for FBTR.

Optimisation of column length pacxing and switching time

parameters were worked out, for an analysis time cycle of six

minutes along with other operational parameters viz. analysis

temperature and carrier flow rate.

B6.4 Thermal conductivity apparatus
(C.G.S. Pillai and A.M. George)

An apparatus for the measurement of thermal

conductivity of oxides in air, in the temperature range of

300-1200 K, was set up. It measures the conductivity by the

comparative method based on the principle or axial heat flow

under steady state temperature. The apparatus was calibrated

with NBS certified samples and its accuracy was evaluated

from the measurement of conductivity of nickel of known

purity.

B6.5 Equipment for helium jet recoil experiments*
(A. Chakravorty and R.M. Iyer)

A helium gas jet transport system was designed and

fabricated for the study of recoil nuclei produced in nuclear

reactions. Its satisfactory functioning was tested by

transporting the I13° activity produced in I12S{n,Y) I 1 3 0

reaction in the Apsara reactor and monitoring the transported

nuclide via its Y-spectrum. Parameters such as gas flow

rate, pressure different'at and capillary diameter were

optimised to obtain r-x ,a\m transport.
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This system was redesigned and is being set up at

VBC to study the nuclei produced by high energy a-particle

induced nuclear reactions.

in collaboration with S. Gangadharan (Analytical Chemistry
Division)

B6.6 Advanced research in dynamics of chemical reactions*
(G. Ramanan, P.N. Moorthy, J.P. Mittal, K.V.S.
Rama Rao, A.V. Sapre and K.C. Bhalla)

Under the VI plan project 'Advanced research in

dynamics of chemical reactions', it is proposed to acquire:

(a) nano second laser flash photolysis unit with computational

facilities, (b) infrared multigas TEA laser for laser chemistry

and (c) crossed molecular beam facility to study beam—beam and

beam-surface interaction with provision to study angular

and velocity distribution of products and product quantum

states diagnostics.

In this connection, a chemiluminescence molecular

beam facility was designed. This features one atom beam oven

and one molecular beam, facilities for collecting chemilumi-

nescent photons, various pumping facilities, facility for a

laser beam to enter & leave the chamber and cold finger

facilities. The unit is being fabricated.

in collaboration with P.N. Bajaj (MDRS)

B6.7 Improvements in the coating facilities and setting
up of new facilities
(A.K. Dua end V.C. George)

The present D.C. sputtering assembly was modified to

remove the limitation on the thickness and diameter of the

target. The new substrate holder allows the distance between
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the substrate and the target to be reduced to the minimum.

A new high vacuum coating unit was designed and its fabrication

is under progress. It incorporates resistive and electron beam

heating facilities for evaporation. Besides facilities like

D.C./R.F. sputtering, activated reactive evaporation ion

plating along with specialised substrate handling jigs

can also be incorporated.

B6.8 IR spectrometry for surface studies
(K.K. Kutty,, U.B. Pavanaja, N.M. Gupta and R.M. Iyer)

An attachment was made to the Perkin-Elmer infrared

spectrophotometer to enable in -situ studies of adsorbed

species on catalyst surfaces and desorption characteristics at

different temperatures. The system performance is being

evaluated.

B6.9 Impulse Heater
(K.N. Bhide N.V. Ayyar and R.M. Iyer)

The fabrication of heating cell using graphite

crucible was completed and the assembly nickel plated. Using

6 volts - 400 Amps mains transformer, a temperature of 155O°C

was attained in the crucible within 120 seconds. A circuit

using SCR control with inductive load was built with 20 Amps

SCR(two). This circuit was tested with 2.0 Kw resistive load.

Further work is in progress.
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C. 2. £ & 1 I £ I £ A N D T R A I N I N G

The Division extended its help in the preparation

and analysis of various samples. These services were rendered

to the divisional personnel, other DAB units and outside

agencies.

Cl. MATERIALS SUPPLIED

Material

1) Rubedium Chromate

2) Volatile uranium compounds

3) Lithium Oxide

4)

5)

6)

CaSO4: Dy phosphor

Cadmium selenide single
crystals

Deposition of titanium
coatings on mild steel

Prepared By

B.S. Mathur

M.S. Gill and S.C. Jain

I.A. Khan, S.B. Karweer
and H.S. Ahuja

S.S. Gupta and Y.W. Gokhale

N.S. Krishnan, M.B. Kokare
A.J. Singh and T. Kesavadas

A.K. Dua and V.C. George

C2. ANALYSES

Type No.

1) Mass spectrometrlc 231

2) Molecular Wt. 3

3) Gas chromatographic 225

4) Infrared 1200

5) Thermal conductivity 15

6) Mossbauer 15
7) Magnetic Susceptibility 20
8) Hydration rate &

capacity of Molecular 7
sieves

Analysed by

M.S. Panajkar and T.S.
Hari Rao

-do-

Smt. K.K. Pushpa, N.V.
Ayyar and K. Annaji Rao

S. Ramaswamy, T.S. Hari
Rao and K.K. Kutty

A.M. George and C.G.S. Pillai

P. Raj and A. Satyamoorthy

P. Raj and J.V. Yakhmi

I.K. Gopalakrishnan and K.
Annaji Rao
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*9) Calibration & standardiza-
tion of H. monitors
(Ministry^of Defence) 4 N.V. Ayyar and K. Annaji Rao

10) i) IAEA water samples
(D/H) ratio 3)

, , » . , • . « . j Deoki Nandan, B.S. Valauli-
ii) Water/hydrogen gas kair a n d R#M.'iyer

samples (D/H)ratio 1500}

C3. WORKSHOP FACILITY

The Chemistry Division workshop completed about

1300 work orders received mainly from Chemistry, Analytical

Chemistry and Spectroscopy Divisions. Precision jobs, among

others, consisted ot components, units and assemblies for use

in vacuum, high pressure wor!:, gas chromatography, atomic

absorption spectrometry etc.

C4. MISCELLANEOUS SERVICES

C4.1 Organisation of DAE symposia

(i) Excited states in chemistry and Biology

IIT Delhi, March (1981)

Convenor - J.P. Mittal

Secretary-K.V.S. Rama Rao

(ii) Interactions at the Electrode-Electrolyte
Interfaces

IIT Madras, Dec. 22-24(1982)

Convenor - P.N. Moorthy

Secretary- A.V. Sapre
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C4.2 Supply of nitrogen monitor
(N.V. Ayyar, K. Annaji Rao and R.M. Iyer)

A nitrogen monitor to measure continuously the percen-

tage of N2 in helium was developed for the Chemical Engineering

Division. The instrument is based on thermal conductivity detector.

The detector output is coupled to a digital meter calibrated

directly in percentage concentration of N2 in the range of

0 to 20*/. .

C5. . MAINTENANCE OF INSTRUMENTS

(S. Ramaswamy, T.S. Hari Rao, K.N. Bhide, S.
Govindarajan and S.M.R. Husaini)

The various instruments in the division such as

spectrofluorimeter, infra-red and UV-visible spectrophotometers,

circular Dichrograph, VG-Micromass mass—spectrometer, high

performance liquid chromatograph, low and high voltage power

supplies, potentiomefcric recorders, temperature controllers/

programmers, multichannel analysers etc. were serviced and

maintained.

C6. TRAINING PROGRAMMES

C6.1 Training School (XXIV and XXV courses)

The number of lectures, tutorials and practicals

conducted in each course is given below :

i) Mathematics Lectures Tutorials Practicals

C. Manohar
A.P.G. Kutty
M.G. Ramchahdani
V.K. Kelkar 3O 20 -
A. Chakrabarti
V. Vijay Kumar
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ii) Quantum Chemistry and Molecular Spectroacopy

R.P. Patel 10 5

ill) Solid State Chemistry

A.M. George
T.N. Ranganathan 15 -
J.V. Yakhmi

iv) Chemistry in Nuclear Technology

B. Venkataramani 12 -

v) Materials Science

A.M. George 10. -

vi) Radiation and photochemistry

P.N. Moorthy
M.H. Rao
L.V. Shastri
A.y. Sapre 20 10
K.K. Bhanot
D. Prasad
Hari Mohan

vil) Chemical Kinetics

K.V.S. Rama Rao
D. Nandan 15 10 4
B. Venkataramani

viii) Chemical Instrumentation

R.M. Iyer
N.V. Ayyar 30 5 «
S. Ramaswamy
T.S. Hari Rao

C6.2 Others

Several students, research scholars and scientists

from various institutes as well as from other divisions of

BARC were trained in the division as shown below :
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Name

S.N.

M.A.
R.G.

H.A.

Kum.

Smt.

A.B.

A.N.

Changdar

H.Mustafa
Majid

Khan

Indira Jain

Jagirdar

Majali

Vartak

Institute

Bose Institute
Calcutta

Scientists from
Atomic Energy
Centre (Iraq)

Duration
of train-
ing (weeks)

3

6
18

M/s BLICO, Hyder- 2
abad

Kolkar Science
College, Indore

Gulberga Univer-
sity

(Isotope Div.)

(CED)

2

2

1

2

Field pf
training

Tracer diffusion in
liquid metals

Mass Spectrometric
analysis of
hydrogen isotopes

Standardization and
calibration of
hydrogen monitors

Magnetic Suscep-
tibility

-do-

Use of pyrolysis
technique and column
making in gas
chromatography

Sampling and analy—g
sis of corrosive
gases and handling
of analyser
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D. . £ U, B L ,1 £ A T ,1 0 JM S,

Dl PAPERS IN JOURNALS

Dl.l Published
(1981)

1. Ligand induced spin cross-over in penta coordinated
ferric dithiocarbamates
P. Ganguli and R.M. Iyer
Z. Natur. Forsch, 36a, 1016 (1981)

2. New crystalline forms of thorium arsenate: Prepara-
tion and characterisation of Th(HAS0.).4H00 and
Th(HASO.)2.2.5 H-0

 4 *
S.K. Sarpal and «.R. Gupta
J. Inorg. Nucl. Chem. 43, 2043 (1981)

3. Alkali metal ion uptake studies on Th(HASO.)?.2.5 HJO
S.K. Sarpal and A.R. Gupta
J. Inorg. Nucl. Chem., 43, 1347 (1981)

4. Thermal studies on the dehydration of polystyrene
divinylbenzene type ion exchangers
A.R. Gupta
J. Chromatography 205. 263 (1981)

5. Ternary exchanges in mixed solvent systems: Ni-Na-H,
Cu-Na-H and Ni-Cu-H exchanges on Dowex 5OWX8 in
acetone-water mixtures
A.R. Gupta and S.N. Athavale
Indian J. Chem. A20, 599 (1981)

6. Swelling behaviour of strong base polystyrene
divinylbenzene type anion exchange resins in aqueous
and methanolic media
Oeoki Nandan and A. R. Gupta
ibid., p.174

7. A classical trajectory study of the P • C,HA -» C-HAF
-•H + C_H,P reaction dynamics c * * *
William E. Hase and K.C. Bhalla
J. Chem. Phys. 75., 2807 (1981)

8. Sorption properties of oxides VII. Reversibility of
cation exchange on hydrous thorium oxide
B. Venkataramanx and K.S. Venkateswarlu
J. Inorg. Nucl. Chem. 43, 2549 (1981)
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9. Sorption properties of oxides VIII. Sorption of
uranium on hydrous oxides
H.S. Mahal, B. Venkataramanl and K.S. Venkateswarlu
ibid., p.3335

10. Chemical treatment for industrial cooling waters
H.S. Mahal , B. Venkataramani and K.S. Venkateswarlu
Corrosion and Maintenance 4_, 187 (1981)

11. Phase transitions in thallous nitrate - a reinvestiga-
tion
P. Ganguli, R.M. Iyer and U.R.K. Rao
Thermochim. Acta45,, 55 (1981)

12. Sulphur poisoning of ruthenium/alumina methanation
catalyst and hydrogenation of CS-
N.M. Gupta, V.S. Kamble and R.M. Iyer
J. Catalysis 69, 111 (1981)

13. Recent studies on catalytic conversion of CO and
CO, to hydrocarbons
N.n. Gupta and R.M. Iyer
Chem. Age of India 32., 355 (1981)

14. Kinetics of photobleaching and recovery in Fe(II)-
thionine system
P.V. Kamat, M.D. Karkhanavala and P.N. Moorthy
J. Phys. Chem. 85,, 810 (1981)

15. Study of polarisation in ferrous-thionine photogalvanic
cell
P.V. Kamat, M.D. Karkhanavala and P.N. Moorthy
Indian J. Chem. 20A, 718 (1981)

16. Differential pulse polarographic study of thiamine
(Vitamin 8,) in neutral and acidic aqueous solutions
P.N. Moortny, Katnal Kishore and K.N. Rao
Proc. Indian Acad. Sci. 90, 371 (1981)

17. /-irradiation of polypropylene fibers in the presence
of carbon tetrachloride
G. Ramanan, M.H. Rao and K.N. Rao
J. Appl. Polym. Sci. 26,, 1439 (1981)

18. Theoretical prediction of hydrated electron behaviour
in picosecond time scales in the presence of
scavengers in aqueous radiolysis
G. Girija and C. Gopinathan
Radiat. Phys. Chem. 17,, 41 (1981)
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19. Anisotropic hyperfine fields in FeSn by Mossbauer
spectroscopy
S,K. Kulshreshtha and P. Raj
J. Phys. p.11, 281 (1981)

57
20. Magnetism down to 0.9K and Fe Mossbauer effect for

£bis(isothiocyanato) di(4-ethylcarboxy 1,10-
phenanthroline) Iron (II)] hemi oc-picolene
E. Konig, G. Ritter, S.K. Kulshreshtha and
B, Kanellakopuls
Chem. Phys. Lett. 84, 151 (1381)

21. Comments on thermal transient effects in optically
pumped repetitively pulsed lasers
B.K. Sinha and A.P.G. Kutty
I.E.E.J. Quantum Electronics QE 17. 444 U981)

22. Thermoelectric behaviour of SnuBi,, and Yb-Bi, at high
pressures
V. Vijayakumar, S.N. Vaidya, E.V. Sampathkumaran,
L. C. Gupta and R. Vijayaraghavan
J. Phys. Soc. Japan Lett. SJJ, 19 (1981)

23. Dilation dependence of coefficient of self-diffusion
and melting
S.N. Vaidya
J. Phys. Chem. Solids 42, 621 (1981)

24. Effect of pressure on the electrical resistivity of
metallic glasses
V. Vijayakumar, D.K. Joshi and S.N. Vaidya
J. Non. Cryst. Solids 43,, 439 (1981)

25. Effect of pressure on electrical resistivity and
thermoelectric power of EuPdgSi-
V. Vijayakumar, S.N. Vaidya, E.v. Sampathkumaran,
I>. C. Gupta and R. Vi jayaraghavan
Phys. Lett. 83 A(9), 469 (1981)

26. A new design for water cooled Czochralski seed holder
A.J. Singh
J. Crystal Growth 51., 635 (1981)

27. Dynamic proton exchange in hexamethylcyclotri-
phosphazenium trichlorodimethyl and tribromodimethyl
stannate (IV)
R. Visalakshi, T.N. Ranqanathan, G.S. Rao and
P.T. Manoharan
J.- Chem. Res. 11,, 316 (1982)
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28. Crystal and molecular structure of bis(4-hydroxy-L-
prolinato) palladium (II) trihydrate
S. Sinn, V.M. Padmanabhan, R.P. Patel, T.N. Ranganathan
and G.S. Rao
Current Science ,51,, 330 (198^)

29. Reaction of hexachloro cyclotriphosphene with 2,4,6-
trimethyl aniline
R. Visalakshi, T.N. Ranganathan, G.S. Rao and
K.V. Muralidharan
Current Science ,51, , 508 (1982)

30. The high spin 5T« ̂ low spin (A..) transition in
solid tris*(2-2'-Bi aimidazoline) iron (II) diperchloratei
Hysterisis effects, simultaneous change ot spin
and lattice characteristics and order-disoraer
phenomenon of the perchlorate anion
E. Konig, G. Ritter, S.K. Kulshreshtha and S.M. Nelson
Inorg. Chem. 21,, 3022 (1982)

31. Preparation and characterisation of trls(methylcyclo-
pentadienyl) uranium (IV) compounds
S.B. Karweer and H.S. Ahuja
Indian J. Chem. 21A, 272 (1982)

32. Hepta coordination in dioxouranium (VI)
G.S. Rao, S.C. Jain and M.S. Gill
ibid., p. 526

33. Complexes of Ti, Sn and Zr tetrachlorides with
phenazone and amidopyrine
B.P. Haleja and S,C. Jain
ibid., p. 530

34. Thermodynamics of anion exchange equilibria in
nonaqueous media: l""/N03"", Br"/N0- , Cl"*/NO3~ and
I~/C1~ exchanges on Dowex 1X8 in water and methanol
Deoki Nar.dan and A.R. Gupta
J. Chem. Soc. Faraday Trans. I ,78, 971 (1982)

35. Hydrogen isotope effects in the dehydration of
polystyrene-divinylbenzerie type ion exchange resins and
the structure of electrolyte solutions.
I. Li form of variously crosslinked Dowex 50W resins
A.R. Gupta, Deoki Nandan and S.K. Sarpal
J. Phys. Chem. 86, 3257 (1982)
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36. Influence on isotope effect calculations of the
method of obtaining force constants from vibratlonal data
data
D.Z. Good son-, S.K. Sarpal, P. Bopp and M. Wolf sberg
ibid. p. 659

37. Sorption properties of oxides IX. Effects of anions
on the sorption of uranium pn hydrous oxides
H.S. Mahal, B. Verikataramani and K.S. Venkateswarlu
Proc. ind. Acad. Sci. (Chem. Sci.) jJl, 321,(1982)

38. Electrofloatation of colloids without surfactants
C. Manohar, V.K. Kelicar and J.V. Yafchmi
J. Colloid Interface Sci. 89_, 54 (1982)

39. Comprehensive calculations in the variable size spur
diffusion model of aqueous radiolysis
G. Girija and C. Gopinathan
Radiat. Phys. Chem. 1£, 107 (1982)

40. Radiolytic oxidation of cysteine in aerated and
oxygen saturated solutions: Effect of cysteine, HC1O.
and formation ion concentrations
Manohar Lai
ibid. p. 427

41. Chemiluminescent method for determination of low
concentrations of hydrogen peroxide
T.K. Das, P.N. Moorthy and K.N. Rao
J. Ind. Chem. Soc. LIX, 85 (1982)

42. Spectral and fluorimetric studies of the effect of
surfactants on thionine
S.N. Guha, P.N. Moorthy and K.N. Rao
Proc. Indian Acad..Sci., 9T, 73 (1982)

43 Micellar effects in the decay kinetics of semithionine
S.N. Guha, P.N. Moorthy and K.N. Rao
Indian J. Chem. 2LA, 448 (1982)

44. Role of HpO, in the radiolysis of vitamins in neutral
aqueous solutions; Part I.
Katnal Kishore, P.N. Moorthy and K.N. Rao
Radiat. Effects Lett. 67,, 153 (1982)

45. Role of H202 in the radiolysis of vitamins in neutral
aqueous solutions; Part II
P.N, Moorthy, Kamal Kishore and K.N. Rao
ibid. p. 161
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46. Riboflavin as a new versatile solute for the
determination of ( A radical rate constants by the
competition kinetic technique
Kamal Kisnore, P.N. Moorthy and K.N. Rao
Radiat. Phys. Chem. 20, 241 (1982)

47. TEA CO,, laser induced deuterium-exchange in the
ammonia-fluoroform-d system
V. Parthasarathy, S.K. Sarkar, V.P. Singhal, A. Pandey,
K.V.S. Rama Rao and J.P. Mittai
Chem. Phys. Lett. 86., 259 (1982)

48. Solute and solvent diffusion in Zr—V alloys
D.D. Pruthi and R.P. Agarwala
Phil. Mag. A 46 (5), 841 (1982)

49. Interaction of oxygen with radiation induced defects
in dilute vanadium alloys
R-.P. Agarwala, B.M. Pande and M.S. Anand
J. Nucl. Mat. 108-109, 24O (1982)

50. The negative curvature phenomenon of resistivity damage
rate observed in some metals neutron irradiated at 4.6K
A. Dunlop, B.M. Pande, K. Bonig, P. Rosner and
H.E. Schaffer
it. d., p. 83

51. Resistivity studies on Ga-Te, and In-Te- under high
pressures
D.N. Bose, S. Sen, D.K. Joshi and S.N. Vaidya
Mat. Lett. 1,, 61 (1982)

52. On possibility of inducing transition from normal
to mixed valence state in SmS by high intensity laser
beam
S.N. Vaidya
J. Phys. Soc. Japan, 51., 153 (1982)

53. Studies of sputter deposition of C, Si and SiC films
A. Satyamoorthy and W. Weisweiler
Thin solid films, £7, 33 (1982).

57
54. Fe Mossbauer studies of (Fe, Mn )Sn for

0.0 < X < 0.2; Estimation of cFTi aoisotropy of the
hyperfine coupling tensor
S.K. Kulshreshtha and P. Raj
J. Phys. F 1,2, 377 (1982)

55. High purity and special materials for electronics
G.S. Rao and T.N. Ranganathan
J. ind. Chem. Soc. 4, 518 (1982)
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D1..2 In Print

1. Preparation ot KgFeF. and Cs-MnF.-

A.A. Majmudar, Y.W. Gokhale arid G.S.*Rao
Indian J. Chem.

2. Preparation of pure Nb(V) and Ta(V) by solvent extraction
with tri-n-octyl amine
A.A. Majmudar, Y.W. Gokhale and R. Krishna Iyer
Indian J. Tech.

3. Effect of Y-irradiation on the sulphur poisoning of
Ru/alumina methanation catalyst
N.M. Gupta,V.S. Kamble and R.M. Iyer
J. Catalysis

4. Preparation ot antimony trichloride with low pentachlo-
ride content
R. Krishna Iyer and S.G. Deshpande
Research and Industry

5. The nature of continuous high spin ( Tg) ^s low

spin ( Aj) transition in bis [2-(4 methyl 2-pyridy-
lamino)4-(2 pyridyl) thiazole] Iron (II) diperchlorate
dihydrate and ditetrafluoroborate dihydrate: A Mossbauer •
effect and X-ray diffraction study
*E. Konig , G. R.itter # S K. Kulshreshtha and H.A. Goodwyn
Inoiq. Chem. .

6. The nature of the continuous high spin (5™ ) **•

low spin (1. ) transition in solid dithiocjnato

bis (2-2• biX5 methyl-2' thiazoline) Iron (II)
E. Konig, G. Ritter, S.K. Kulshreshtha and S.N. Nelson
J. Am. Chem. Society

7. Effect of Y-irradiation on viscosity temperature
characteristics of blended oils
V.G. Thomas and S.B. Srivastava
Indian J. Tech.

3. The Spur in pico-second time scales
C. Gopinathan and G. Girija
Radiat. Phys. Chem.

9. Radiation initiated polymerisation of phenyl
methaerylate
S. Raghonath, M.H. Rao and K.N. Rao
ibid
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TO. Radiation effects on phenyl methacrylate prepared
by Y-radiation
S. Raghunath, M.H. Rao and K.N. Rao
ibid

11. Effect of solvents in radiation induced polymerisation
of vinylidehe chloride
M.S. Panajkar and K.N, Rao
ibid

12. Molecular complexes of tetramethyl-p-phenylene diamine
with CBr. and CHI, in 3 MP at 77 K
Hari Mohan, R.M. Iyer and K.N. Rao
Indian J. Chem.

13. Chemiluminescent measurement of atmospheric hydrogen
peroxide in Bombay area
T.N. Das, P.N. Moorthy and K.N. Rao
Atmosph. Environment

14. Reduction of the naphthazarin molecule as studied by
pulse radiolysis. Part I : Addition of a single
electron
T. Mukherjee, E.J. Land, A.J. Swallow and J.M. Bruce
J. Chem Soc. Faraday Trans.1

15. Reduction of the naphthazarin molecule as studied
by pulse radiolysis. Part II : Second one-electron
step
T, Mukherjee, E.J. Land, A.J. Swallow and J.M. Bruce
ibid

16. One-electron reduction of adriamycin : Properties of
the semiquinone
T. Mukherjee, E.J. Land, A.J. Swallow and J.M. Bruce
Archives Biochem. Biophys.

17. Electrical resistivity of 3-Co Ga
J.V. Yakhmi
J. Phys. F

18. On the electrical resistivity and Neel temperature
of dilute Cr-Ir alloys
J.V. Yakhmi, I.K. Gopalakrishnan and R.M. Iyer
J.Less-Common Met.
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D2. PAPERS IN CONFERENCES/SYMPOSIA

D2.1 Published
(1980-81)

1. Hydrogen isotope effects in the dehydration of polys-
tyrenedlvinylbenzene (PS-DVB) type ion exchangers
A.R. Gupta
Proc. IV Int. Symp. Stable Isotopes Julich (F.R.G.)
March (1981), p.29

2. On the influence of the method of obtaining force
constants from experimental data on the isotope effects
calculated from these force constants
D.Z. Goodson, S.K. Sarpal. P. Bopp and H. Wolfsberg
Gordon Conf. Phys. Chew. Isotopes, Ventura, Calif.(USA)
Feb. (1981)

3. Chemical maintenance of heat exchangers and condensers
for preventing corrosion and fouling
P.K. Mathur, A.K. Sriraman, B. Venkataramani,
G. Venkateswaran, K.S. Venkateswarlu and R. Viswanathan
Nat. Symp. Maintenance Management of power stations
and chemical Process industries, BARC, Bombay, March
(1981), P.VI B-6.1

4. Effect of Y-Irradiation on viscosity temperature changes
in some oils containing viscosity index improver LZ 3140
and LZ 7409
V.G. Thomas and S.B. Srivastava
Nat. Cor.f. Ind. Tribology, Calcutta, Sep. (1981)

5. Analysis of H20, at trace concentrations by a
chemiluminescent method (Anal-107)
P.N. Moorthy and K.N. Rao
Proc. Int. Symp. Trace Analysis and Technological
Development, Bombay (1981)

6. Thermal decompo ition of CS-U(No3)g
M.S. Gill and S.C. Jain
3rd Nat. Symp. Thermal Anal. Trivandrum, Nov.(1981)p.III.7

7. Metallic oxide ceramic for electrodes in MHD-A new
approach in the development of electrode materials
A.M. George, C.G.S. Pillai, I.K. Gopalakrishnan,
M.D.Mathews, A.C. Momin and M.D. Karkhanavala
Proc. VII Int. Cong, on MHD Electrical Power Generation,
MIT(USA) Vol. I, 306 (1980)
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8. Anisotropic hyperfine interactions in cubic samarium
compounds
P. Raj ,
Int. Conf. Appl. Moss. Spect. Jaipur,Dec. (1981)

9. Analytical expression for correlation factor for a
square matrix
D.D. Pruthi
Nucl. Phys. and Solid State Phys. (India) 24C (1981)
(1982)

10. Adsorption at oxide-solution interface
B. venkataramani
DAB Symp. Interaction at electrode-electrolyte
interfaces, IIT, Madras, Dec. (1982), p.113

11. External perturbation study on a B-Z chemical oscillator
employing a capillary platinum electrode
Diwakar Prasad
ibid p.183

12. Effect of electron phonon interaction on valance
transition
A.P.G. Kutty and K.C. Bhalla
Nucl. Phys. and solid state Phys. (India) 25C (1982)

13 Effect of Y-irradiation on the sulphur poisoning of
Ru/alumina methanation catalyst
N.M. Gupta, V.S. Kamble and R.M. Iyer
DAE Symp. Radiochemistry and Radiation Chemistry, Pune
Dec. (1982)

14 Studies on electrowinning of antimony
R. Krishna Iyer and S.G. Deshpande
Symp. Fundamental and applied electrochemistry
Bombay, March (1982)

15. Electrochemical precipitation of gallium with aluminium
and gallium-aluminium alloys from alkaline gallate
solutions
G.M. Phatak and K. Gangadharan
ibid

16. Some consequences of passage of ionising radiation
through electrode-electrolyte systems
L.V. Shastri
DAE Symp. Interaction? at electrode-electrolyte
interfaces, Madras(IIT),Dec.(1982) pp. 279-282

17. Studies on the transients produced in the Y-radiolysis of
benzophenone and decafluoro benzophenone by matrix isola-
tion technique
Lian C.T. Shoute and J.P. Mittal
DAE Symp. Radiochemistry and Radiation Chemistry, Pune,
Dec. (1982)
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18, Transients produced in the Y-radiolysis of 1,3 diketones
at 77K
Lian C.T. Shoute, J.P. Mittal and K.V.S. Rama Rao
ibid

19i Y-radiolysis of CHI, in 3MP at 77K
Hari Mohan, R.H. Iyer and K.N. Rao
ibid

20 Hydrogen, hydrogen sulphide and ethanol yields in the
gamma radiolysis of air free aqueous solutions of
mercaptoethanol : Effect of HCIO* and mercaptoethanol
concentrations
Manohar Lai
ibid

21 Determination of H-atom reaction rate constants by
the competition kinetic technique using riboflavin as
a standard solute
Kamal Kishore, P.N. Moorthy and K.N. Rao
ibid

22. Adsorption and desorption of metal ions on micellar
surfaces
Kamal Kishore and P.N. Moorthy
DAE Symp. Interactions at electrode-electrolyte
interfaces, IIT, Madras, Dec. (1982) p.84

23. Lasers in the study of interactions at electrode-
electrolyte interfaces
P.N. Moorthy
ibid p.283

24. On the electrical resistivity of Cr-Mn dilute alloys
J.V. Yakhmi, I.K. Gopalakrishnan and R.M. Iyer
Nucl. Phys. and solid state Phys. (India) 25C (1982)

25 Electrical resistivity of Co-based Heusler alloys
J.V. Yakhmi. I.K. Gopalakrishnan and A.K. Grover
ibid

26. Scattering from spin clusters and the high resistivity
of Ov Ga. alloys
J.V. YafchmT*
ibid

27. The role of coagulation in floatation experiments
C. Manohar, J.V. Yakhmi and V.K. Kelkar
56th ACS Symp. on colloid and surface science, Virginia
(USA), June (1982)
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28. Smectic-C-Nematic transition in the mixtures 5 6.
BABA x l-x
K. Usha Oeniz, P.S. Parvathanathan, J.V. Yakhmi
and A.V. Patankar
9th Int. Conf. Liq. CrySt. Bangalore, Dec. (1982)

D2.2 Presented
(1981)

1. Complexes of thorium (IV), uranium (IV) and dioxouranium
(VI) with cyanopyridines
G.S. Rao, M.S. Gill and S.C. Jain
Annual Convention of Chemists, Madras Dec.(1981)

2. Sorption of alkaline earth cations on hydrogen oxides
H.S. Mahal and B. Venkataramani
ibid

3. Study of the interaction of oscillatory chemical systems
Diwakar Prasad
ibid

4. Molecular elimination of HI in the photolysis of alkyl
iodides-evidence for a hidden excited state ?
Diwakar Prasad
DAE Symp. Excited States in Chemistry and Biology,
Delhi, March (1981)

5. Chemical oscillations under the dynamic coupling of a
B-Z oscillator with radiolysis
Diwakar Prasad, V.K. Kelkar and K.V.S. Rama Rao
DAB Symp.Nuclear and Radiochemistry, Varanasi,Nov. (1981)

6. The crystal structure of palladium-L-hydroxy proline
trihydrate
S. Sinh.V.M. Padmanabhan, R.P. Patel and T.N. Ranganathan
XII Nat. Conf. Crystallography, Hyderabad, Feb. (1981)

7. Treatment for removal of chromates from effluents
V.K. Kelkar, J.V. Yakhmi and C. Manohar
Nat. Symp. Appl. Mud. & Allied techniques in public
health and pollution control, BARC, Bombay, Feb. (1981)

8. One-electron reduction of naphthazarin
T. Mukherjee
Symp. Study of fast processes and labile species in
Chemistry and molecular biology using ionising radiation,
Capri, (Italy), Sept.(1981)
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9. Absorption and emission studies of interactions in
surfactant micellarenvironments
P.N. Moorthy
DAE Symp. Excited States in Chemistry and Bioloav
Delhi, March (1981) y '

10. Spectral and fluorimetric study of the interactions
between thionine and surfactant molecules in premicellar
and micellar systems
5.N. Guha, P.N. Moorthy and K.N. Rao
ibid

11. Study of ion-micelle interactions using fluorescent
probes
T.N. Das, P.N. Moorthy and K.N. Rao
ibid

12. Plash photolysis study of thionine in micellar systems
(PHY-2)
S.N. Guha, P.N. Moprthy and K.N. Rao
Annual Convention of Chemists, Madras (1981)

13 Investigation of metal ion-micelle interactions amploying
polarographic techniques (PHY-17)
P.N. Moorthy, Kamal Kishore and K.N; Rao
ibid

14. Reaction of H-Op with reduced vitamins in gamma-irradiated
aqueous solutions (PHY.-P2)
Kamal Kishore, K.N. Rao and P.N. Moorthy
ibid

15. Determination of OH radical rate constants by using
riboflavin as a reference solute
Kamal Kishore, P.N. Moorthy and K.N. Rao
DAE Symp. Nuclear and Radiochemistry, Varanasi, Nov.(1981)

16* Radiation chemical separation of europium from lanthanide
mixtures
L.V. Shastri and J.P. Mittal
ibid

17. Matrix isolation studies of radiolytically produced
transients in aliphatic ketones. I. Acetyl acetone and
hexafluoroacetylacetone
Lian C.T. Shoufce and J.P. Mittal
ibid

18. Radiolytic oxidation of cysteine in aerated solutions :
Effect of cysteine, perchloric acid and formate ion
concentrations
Manohar Lai
ibid
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19* Gamma ray induced damage in aerated solutions of
dithiothreitol (DTT): effect of pH, formate and DTT
concentrations
Manohar Lai
ibid

20. Gamma-radlolysis of CH_I9 in 3MP at 77K
Hari Mohan and K.N. RaS
ibid

21. Study of wood polymer composites
Hari Mohan and V.P. Garg
DAE Symp. Strengthening mechanisms in solids,
Mangalore, Feb.(1981)

22. Photochemical reactions at charge transfer band of
iodine with hydrocarbons
Hari Mohan and K.N. Rao
DAE Symp. Excited states in chemistry and biology,
Delhi March (1981)

23. Mechanistic studies on enhancement of photoreduction of
aqueous europium (III) ions by acetone
L.V. Shastri
ibid

24. Photolysis of menadione in methanol solutions
A.V. Sapre
ibid

25. Parameteric studies towards enhancement of Eu
reduction by charge transfer photochemistry
L.V. Shastri, J.P. Mittal, N.P.K. Krishnan and
T.K.S. Murthy
loth Intl. Conf. Photochemistry, Crete, Greece, Sept.(1981)
Abst. published in J. Photochem., ,12, 150 (1981)

26. Interaction of oxygen with radiation induced defects
in dilute vanadium alloys
R.P. Agarwala, B.M. Pande and M.S. Anand
Int. Conf. Neutron Irradiation Effects, Argonne,
111 (USA) (1981)

27. Coating of inconel % 750 by D.C. sputtering technique
A.K. Dua, V.C. George and R.P. Agarwala
Nat. Symp. Vac. Tech. Met. Appl., RRL, Hyderabad,Jan.(1981)

28. Energy dispersive x-ray system for accurate
quantitative analysis - its limitations
Madan Lai, S.K. Kataria, Rekha Govil, S.S. Kapoor
and A,K. Dua
Int. Symp. Trace Anal. Tech. development, BARC, Bombay,
Feb. (1981)
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(1982)

29. Radiation initiated polymerisation of phenyl methacrylate
and radiation effects on the polymer
S* Raghunath, M.H. Rao and K.N. Rao
Sem. Mechanisms of Polymerisation, Madras Univ., Jan.(1982)

30. One ..electron reaction of quinone anti-tumor agents and
their model compounds
T. Mukherjee
Winter Mtg. Association of Radiation Research. Manchester
(UK) Jan. (1982)

31 Semiquinone free radicals derived from naphthasarin
(5,8-dihydroxy-l, 4-naphthaquinone) by one electron
reduction and oxidation
T» Mukherjee
Int. Conf. Kinetics in Solution, Canterbury (U.K.),
July (1982)

32. Neutron spectrum and defect production rstes in low
temperature irradiation facility of FRM (Munchen)
W. Mensel, M.S. Anand, P. Muller, G. Wallner, W. Week
and L. Greenwood
Deutsche Physical Soc. Meeting, Munster <FRG)(1982)

33. Studies on helium ion and fast neutron irradiated
vanadium
B.M. Pande and M.S. Anand
XIV Annual Conf. Electron Microscope Society of India,
Jan. (1982)

34. Defect interaction in cold worked and irradiated V-Al
alloy
B.M. Pande, MiS. Anand and R.P. Agarwala
DAE Symp. Crystal lattice defects and defect interactions,
Varanasi, Jan.(1982)

35. Study of point defect interaction in Zr-V alloys by
diffusion
D.D. Pruthi and R.P. Agarwala
ibid

36. Phase relations and melting curves of solids at high
pressures
S.N. Vaidya
Symp. Sci. Tech. High Pressures, Bangalore, July(1982)
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D2.3 Invited Talks

1. Metal surfaces in catalysis
R.M. Iy#5r
Seminar on metal surfaces, Indian institute of metals(1981)

2. New horizons in catalysis research
R.M, Iyer
Trombay colloquium (1981)

3. Methylation of flurocyclophosphazenes and the donor
properties of methylcyclopbosphazenes
T.N. Ranganathan
Dept. Inorg. and Phys. Chem., I.I.Sc., Bangalore (1981)

4. Water quality criteria and modelling
B. Venkataramani
Advanced programme on water treatment, Institute of
energy management, Bombay, April (1981)

5. Deposit Control in process cooling water systems
B. Venkataramani
ibid

6. Chemical oscillations
K.V.S. Rama Rao
UcG.C. Symp. Adv. Chem. Kinet, Andhra Univ., Waltair(iy81)

7. Stars, daggers and laser alchemy
J.P. Mittal
ibid

8. Chemistry in lasers
K.V.So Rama Rao
DAE Symp. excited states in chemistry abd biology,
IIT, Delhi, March (1981)

9. Application of electron spectroscopy techniques
in heterogeneous catalysis
N.M. Gupta
Workshop on electron spectroscopy, IIT, Lombay(1981)

10. The role of excited states in medicine
C. Gopinathan '
DAE Symp. excited states in chemistry and biology,
IIT, Delhi (1981)

11. High pressure phase transition in transition metal and
rare-earth compounds and laser induced transition in SmS
S.N. Vaidya
XII Nat. Conf. Crystallgr., Hyderabad (1981)
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12. Radiation damage in vandium alloys
R.P. Agarwala
IBM Thomas Watson Re». Lab. Yorktown Heights, New York,
USA, November (1981)

13. Safety in chemical laboratory
Deoki Nandan
Accident Prevention Programme, BARC, Dec.(1981)

14. Phase diagram studies including melting at high
pressures
S.N. Vaidya
7th Nat. Symp. Instruments Soc. India, Bangalore,July(1982)

15. Chemical effects of nuclear transformation
R.M. Iyer
Silver Jubilee Symp. Nucl. Phys. & Solid State Phys.,
Bombay (1982)

16. ' The spur in pico-second time scales
C. Gopinathan
Int. Symp. fast processes in radiation chemistry
Univ. of Tokyo, Japan (1982)

17. Chemical oscillations in natural phenomena
K.V.S. Rama Rao
DAB Symp. Interactions of electrode-electrolyte
interfaces, IIT, Madras, Dec*(1982)

18. Mechanism of Polymerisation
K.N. Rao
Sem. Mechanisms of polymerisation, Univ. of Madras,
Jan. U982)

19. Chemical Warfare measures
Deoki Nandan
Civil Defence Training, Bombay (1982)

20. Safety in Chemical laboratory
Deoki Nandan
Accident Prevention Programme, BARC, Dec.(1982)

D2.4 Articles in Books/Periodicals

1. Uranium (IV) chloride for organometalllc synthesis
I.A. Khan and H.S. Ahuja
Inorganic Synthesis, Vol. £1, (Ed» John P. Fackler Jr.)
John Wiley and Sons, New York,(1982) p.187
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2. High pressure techniques in R&D work
S.N. Valdya
Nuclear India 20 (6),(1982)

3. "Black holes" (in Hindi)
C. Gopinathan
Vaigyamk, Dec. (1982)

D2.5 Patent

1. An improved alternative to hemodialysis
C. Gopinathan
Patent application filed (1981)

D3. TECHNICAL REPORTS

D3.1 Published

1. Potentialities and functional details of MM-70 70F
double focus mass spectrometer
G. Ramanan, K.N. Bhide,and K.N. Rao
BARC/I-632(ly81)

2. Single stage piston-cylinder apparatus for high pressure
investigations upto 50 kbar
S.N. Vaidya, V. Vijayakumar and C. Karunakaran
BARC/I-S52(1981)

3. Single crystal growth of tellurium and silver
Smt. R.A. Singhy P. Suryanarayana, A.J. Singh and
G.S.Rao
BARC/I-664U981)

4. Preparation of high, purity alkali iodides for
scintillation technology
H.S. Ahuja, S.B. Karweer, Smt. N.S. Kunte, Smt. R.A. Singh
and D.S. Mungekar
BARC/I-665(1981)

5. Synthesis.of high purity gallium phosphide
N.S. Krishnanv M.B. Kokare, M.S. Sasfcry, B.S. Mathur
and T. Kesavadas
BARC/I-686(1981)
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6. Preparation of cadmium and zinc selenides
N.S. Krishnan, M.B. Kokare and T. Kesavadas
BARC/I-687U981)

7. A laboratory unit to study absorption and desorption of
hydrogen in chargeable metal hydrides-FeTiH^ and LaNi-H
K.B. Bhatt, P. Suryanarayana and A.J. Singh K

BARC/I-734

8. Chiroptical techniques and their applications
R.P. Patel
BARC-1O82(198O)

9. Deposit control in process cooling water systems
B. Venkataramani
BARC-111OC1981)

10. An equipment for measurement of thermal conductivity
of solids in the temperature range 300-1200K
C.G.S. Pillai and A.M. George
BARC-1122(1981)

11. Measurement of thermal conductivity of the oxide coating
on autoclaved monel-400
A.K. Dua, V.C. George and R.E*. Agarwala
BARC-1153(1982)

D3.2 In Print

1. Studies on the preparation of high purity tin
G.S. Rao.Y.W. Gokhale, G.M. Phatak, S.S. Gupta and
K. Gangadharan
BARC Report

2. Studies on the preparation of lithium oKide
I.A. Khan, S.B. Karveer and H.S. Ahuja
BARC Report

3. Studies on the methoxides of uranium
M.S. Gill, S,C. Jain and G.S. Rao
BARC Report

4. Development of phosphor P<*20
S.C. Jain, S.K. Gupta and G.S. Rao
BARC Report



D4. THESES

D4.1 M.Sc Thesis

1. The radiation chemistry of aqueous systems
G. Girija
University of Bombay, 1981 (Guide: C.Gopinathan)

D4.2 Ph.D. Theses

1. Effect of radiations on organic and inorganic iodides
in hydrocarbons'
H.M. Gupta
University of Bombay 1981 (Guide: K.N. Rao)

2. Some photo and radiation chemical studies on miceller
and organic systems
A.V. Sapre
University of Bombay, 1982 (Guide: K.N. Rao)

3. Diffusion in alloys
D.D. Pruthi
University of Bombay, 1982 (Guide: R.P. Agarwala)

4. Radiation induced polymerisation of cyclohexyl acrylate
R. Roger *
University of Bombay, 1982 (Guide: K.N. Rao)

University of Madagascar.


